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Abstract. In the present study, an analysis is carried out to invetigse effects of
variable chemical reaction, thermophoresis, temperatapendent viscosity and thermal
radiation on an unsteady MHD free convective heat and massfar flow of a viscous,
incompressible, electrically conducting fluid past an itspmely started infinite inclined
porous plate. The governing nonlinear partial differdnéiquations are transformed
into a system of ordinary differential equations, which soéved numerically using a
sixth-order Runge-Kutta integration scheme with Nachteh®wigert shooting method.
Numerical results for the non-dimensional velocity, terapgre and concentration
profiles as well as the local skin-friction coefficient, tlwedl Nusselt number and the
local Stanton number are presented for different physiaedpeters. The results show
that variable viscosity significantly increases viscousgdand rate of heat transfer. The
results also show that higher order chemical reaction iesldbe concentration of the
particles for a destructive reaction and reduces for a gdimerreaction.

Keywords: variable viscosity, chemical reaction, thermophoresisteady flow, thermal
radiation.

1 Introduction

Prediction of particle transport in non-isothermal gas flevimportant in studying the
erosion process in combustors and heat exchangers, thelgarthavior in dust col-
lectors, and the fabrication of optical waveguide and sendactor device, and so on.

*Permanent address: Department of Mathematics, Dhaka tditiveof Engineering and Technology
(DUET), Gazipur-1700, Bangladesh.
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Environmental regulations on small particles have alsobecmore stringent due to
concerns about atmospheric pollution.

When a temperature gradient is established in gas, smdiltlearsuspended in
the gas migrate in the direction of decreasing temperatiilds phenomenon, called
thermophoresis, occurs because gas molecules collidiranerside of a particle have
different average velocities from those on the other sidetdithe temperature gradient.
Hence, when a cold wall is placed in the hot particle-ladeftpav, the thermophoretic
force may cause particles to be deposited on it. The magnit€ithis force depends on
gas and particle properties as well as on the temperatudéegita The thermophoretic
deposition plays an important role in a variety of applicasi such as the production of
ceramic powders in high temperature aerosol flow reactoegtoduction of optical fiber
preforms by the modified chemical vapor deposition (MCVD)qass and in polymer
separation. Thermophoresis is considered to be impomamtrticles ofl0 m in radius
and temperature gradient of the order of 5K/mm. Walker efljlcalculated the de-
position efficiency of small particles due to thermophaésia laminar tube flow. The
effect of wall suction and thermophoresis on aerosol-gartieposition from a laminar
boundary layer on a flat plate was studied by Mills et al. [2]e & al. [3] analyzed
the thermophoretic effect of particle deposition on a fremding semiconductor wafer
in a clean room. Thakurta et al. [4] computed numericallydbposition rate of small
particles on the wall of a turbulent channel flow using thedimumerical simulation
(DNS). Cluster transport and deposition processes undeeffiects of thermophoresis
were investigated numerically in terms of thermal plasmpodéion processes by Han
and Yoshida [5]. In their analysis, they found that the thiegs of the concentration
boundary layer was significantly suppressed by the thermepic force and it was con-
cluded that the effect of thermophoresis plays a more damhinaée than that of diffusion.
Recently, Alam et al. [6] investigated numerically the effef thermophoresis on surface
deposition flux on hydromagnetic free convective heat andsntieansfer flow along a
semi-infinite permeable inclined flat plate consideringtlyemeration. Their results show
that thermophoresis increases surface mass flux significant

The previous studies, dealt with thermophoresis, nedlettie effect of thermal
radiation. But in fact, there are various kinds of high terapgre systems such as a
heat exchanger and an internal combustor, in which the tradianay not be negligible
in comparison with the conductive and convective heat femmaode. Usually, the gas
like CO2 andH>O generated during combustion of a hydrocarbon fuel and thic|es
such as soot and coal suspended in a hot gas flow absorb, ehstatter the radiation.
In light of this importance, Yoa et al. [7] investigated nuioally the thermophoresis
phenomenon in a laminar tube flow by taking into account théigha radiation. The
radiation effect on the thermophoresis of particles wadyaed for a gas-particle two-
phase laminar flow by Sohn et al. [8]. Akbar and Ghiaasiaars{@ied numerically
the combined effects of radiation heat transfer and thehomsis on the transport of
monodisperse, as well as polydisperse soot particles. riRgcAlam et al. [10] exper-
iments numerically the thermal radiation interaction oérthophoresis on free-forced
convective heat and mass transfer flow along a semi-infieiteapable inclined flat plate.
Their results show that interaction of thermal radiatiothvwthermophoresis depositing
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surface mass flux is significant. Very recently Cortell [13Hhvestigated theoretically
the effects of viscous dissipation as well as radiation erttiermal boundary layer flows
over nonlinearly stretching sheets considering presdrigface temperature and heat
flux.

However in convective heat and mass transfer processsitifiwates can be altered
tremendously by chemical reaction. The effect of a chemézadtion depends on whether
the reaction is heterogeneous or homogeneous. This alemdepn whether they occur
at an interface or as a single phase volume reaction. A mraigtisaid to be of the order
n, if the reaction rate is proportional to theth power of the concentration. In particular,
a reaction is said to be first order, if the rate of the read8atirectly proportional to the
concentration itself. In nature, the presence of pure awater is not possible. Some
foreign mass may be present either naturally or mixed wigreihor water. The presence
of a foreign mass in air or water causes some kind of chemézadtion. The study of
such type of chemical reaction processes is useful for irpgoa number of chemical
technologies, such as food processing and polymer pragud@ihambre and Young [14]
analyzed the problem of first order chemical reactions imgighborhood of a flat plate
for destructive and generative reactions. Das et al. [1&list the effect of homogeneous
first order chemical reaction on the flow past an impulsivédyted infinite vertical plate
with uniform heat flux and mass transfer. Anjalidevi and Kasaimy [16] analyzed the
effect of a chemical reaction on the flow in the presence dftnaasfer and magnetic field.
Muthucumaraswamy and Ganesan [17] studied the effect obmidal reaction on an
unsteady flow past an impulsively started vertical plateciig subjected to uniform mass
flux and in the presence of heat transfer. Raptis and Pefd&]studied numerically the
steady two-dimensional flow of an incompressible viscous$ alectrically conducting
fluid over a non-linearly semi-infinite stretching sheet lire tpresence of a chemical
reaction and under the influence of a magnetic field. Coridl| 0] studied MHD
heat and mass transfer flow of second grade fluids over namlingtretching sheet with
chemically reactive species in a porous medium. Recenthméet al. [21] investigated
the effects of thermophoresis and first order chemical imaon unsteady hydromagnetic
free convection and mass transfer flow past an impulsivalyesi infinite inclined porous
plate in the presence of heat generation/absorption.

Most of the above studies are based on the constant physiqgegies of the ambient
fluid. However, it is known that these properties may chanigie temperature, especially
fluid viscosity. To predict accurately the flow behavior am@ttransfer rate, it is neces-
sary to take this variation of viscosity into account. Inwief this importance, Kafoussias
and Williams [22] studied the thermal diffusion and diffoisithermo effects on mixed
free-forced convective mass transfer boundary layer floth weémperature dependent
viscosity. Seddeek [23] studied the effect of variable @ity on hydrodynamic flow
and heat transfer past a continuously moving porous boynddh radiation. Very
recently, Molla and Hossain [24] investigated the effedtsh®mical reaction, heat and
mass diffusion in natural convection flow from an isothersathere with temperature-
dependent viscosity.

Therefore the objective of the present paper is to invetigae effects of higher
order chemical reaction and thermophoresis on an unsteadly free convective heat
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and mass transfer flow past an impulsively started infinitdined porous plate in the
presence of thermal radiation with temperature-dependseasity.

2 Mathematical formulation

We consider an unsteady MHD free convective heat and massfereflow of an electri-
cally conducting (for examples plasmas, liquid metald, water, air etc) incompressible
viscous fluid past an infinite inclined porous flat plate withegute angle: to the vertical.
The flow is assumed to be in thedirection, which is taken along the inclined plate and
y-axis normal to it. A magnetic field of uniform strengfBy is introduced normal to
the direction of the flow. Initially { = 0) the plate and the fluid are at rest. But for
timet¢ > 0, the plate starts moving impulsively in its own plane witheocity Uy, its
temperature is raised &, which is higher than the ambient temperatiise. The species
concentration at the surface is maintained uniforr@’at which is taken to be zero and
that of the ambient fluid is assumed to@g,. Fluid suction or injection is imposed at the
plate surface. In addition, the effect of thermophoresisken into account as it helps
in understanding mass deposition on surface. We furthemasshat (i) the magnetic
Reynolds number is assumed to be small so that the inducedatiadjeld is negligible
in comparison to the applied magnetic field, (ii) due to thertary layer behavior the
temperature gradient in thedirection is much larger than that in thedirection and
hence only the thermophoretic velocity component whichasmal to the surface is of
importance (iii) the fluid is considered to be gray; absogbémitting radiation but non-
scattering medium and the Rosseland approximation is wsdddcribe the radioactive
heat flux in thez-direction, (iv) the fluid property variation with tempeuag are limited to
viscosity, (v) there exists a homogeneauth order chemical reaction between the fluid
and species concentration, (vi) viscous dissipation anlkjbeating terms are neglected
for low speed flows and, (v) the level of species concentnatizvery low so that the heat
generated during chemical reaction can be neglected.

Since the plate is of infinite extent, all derivatives witlspect to are supposed to
be zero and hence under the usual Boussinesq and boungaryalgproximation, the
governing equations for this problem can be written as fedto

@ =0 (continuity) D
oy
ou Ou 1 0 ([ Ou ] oB2
n + va—y =0y <”ay> + 98T — Tx) cosa — - u (momentum) (2)
oT oT A, 0T 1 g,

+ =4 & (energy) (3)

Ot 0y T poety 02 poocy Oy

oC oC o*’C 0

— —=D—— —(VpC) — K;C™ (diffusion 4

ot +Uay ayQ ay( T ) l ( )7 ( )
whereu, v are the velocity components in the@andy directions respectively,is the time,
w is the fluid viscosityy is the acceleration due to gravityjs the electrical conductivity,
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Poo 1S the ambient density3 is the volumetric coefficient of thermal expansidn,T’,
and T, are the temperature of the fluid inside the thermal boundaygr| the plate
temperature and the fluid temperature in the free streampecésely, whileC, C,, and
Cw are the corresponding concentratioBs,is the magnetic induction, is the thermal
conductivity of the fluid¢, is the specific heat at constant pressyyés the radiative heat
flux in the y-direction, D is the molecular diffusivity of the species concentratibp,is
the thermophoretic velocityy; is the chemical reaction parameter and the order of
chemical reaction.
The initial and boundary conditions for the above problee ar

for ¢t <0:

u=v=0, T=Ty, C=Cx forall y,

for t > 0:

u=Uy, v==v{t), T=T,, C=C,=0 aty=0, (5a)
u =0, T=Tyw, C=Cx=0 asy— oo, (5b)

whereu(t) is the time dependent suction/injection velocity at theoparplate.
The radiative heat flux under Rosseland approximation (paer@wv and Cess [25],
Brewster [26]) has the form
4oy OT*
= -7, (6)
3k’1 6y
whereo; is the Stefan-Boltzmann constant aindis the mean absorption coefficient.
We assume that the temperature difference within the flow@#feiently small such
that7* may be expressed as a linear function of temperature. Thiscsmplished by
expandingl’™ in a Taylor series abodf,, and neglecting higher-order terms, thus

T* = 4T3 T - 3T%. (7)
Using (6) and (7) in equation (3) we have

OT | 0T\ 2T tmzson
ot U@y © pe, OY2 T 3peyky Oyt

(8)

In equation (4), the thermophoretic veloclty was given by Talbot et al. [27] as:

vT kv oT
Vir=—-kv—r = ———, 9
’ Ty Ty dy ®)
whereTy is some reference temperature, the valuémfepresents the thermophoretic
diffusivity, andk is the thermophoretic coefficient which ranges in value ffb#nto 1.2
as indicated by Batchelor and Shen [28] and is defined frorthrery of Talbot et al. [27]
by:
2C5(N\g/Ap + CtKn)[1 + Kn(Cy + CyeC3/Kn)]

k= 10
(14 3C,Kn)(1 4 2X;/, + 2C:Kn) ’ (10)
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whereC1, Cq, Cs, Cy,, Cs, C; are constants), and\, are the thermal conductivities of
the fluid and diffused patrticles, respectively aiid is the Knudsen number.

A thermophoretic parametercan be defined (see Mills et al. [2] and Tsai [29]) as
follows:

E(Ty — Two)
=W o) 11

T T (11)
Typical values ofr are 0.01,0.05 and 0.1 corresponding to approximate values of
—k(T,, — T) equal to3, 15 and30 K for a reference temperature @ = 300 K.

For a viscous fluid, Ling and Dybbs [30] suggested a visca$ifyendence on the
temperaturd” of the form

_ fhoo
"= A T "

so that viscosity is an inverse linear function of tempeeaiu
Equation (12) can be rewritten as

1
S = AT -T)), (13)
I
where
A= and T,=T, -1 (14)
Moo Y

In the above relations (14), both andT;. are constants and their values depend on
the reference state and a thermal property of the fluid. In general,> 0 for liquids,
andA < 0for gases. Typical values fand A for air arey = 0.026240 andA = —123.2
(see Weast [31]).

To obtain local similarity solution in time of the problemdesr consideration, we
introduce a time dependent length scakes

0 =46(t). (15)

In terms of this length scale, a convenient solution of theatign (1) is considered to be
in the following form:

v=1u(t) = —’UQ%, (16)

whereuy is the suction/injection parameter.
We now introduce the following dimensionless variables:

Y B T -Ty _C
n=5 u=Uf(n), 6(n)= T T o(n) = o (17)
The dimensionless temperatérean also be written as
T T,
0 waTooJrH,, (18)



Transient Magnetohydrodynamic Free Convective Heat anesMeaansfer Flow with Thermophoresis

where

o _L=To _ 1
" Ty =T (T —Too)

= const, (19)

and its value is determined by the viscosity/temperatuaeadieristics of the fluid under
consideration and the operating temperature differéxife= T,, — T.

Then introducing the relations (9), (12), (13), (16), (1@Y&19) into the equations
(2), (3) and (4), respectively, we then obtain the followardinary differential equations:

5 do\ [0, — 6 6, -0 0
" e T ! T / /
/ +”(ydt)< 9, )f+“0( 9, )f+9rof

+G7“(9T9_9)9(zosa—M(ero_e)f: , (20)
5d5\,, .. (3R+4\,
"<y dt>9 v = <3RPr >9 ’ (1)
5 ds 1 .
77<;a>¢/ — v = o " —1(¢0" +¢'0") — K¢", (22)

wherePr = £x%% s the Prandtl numbefc = % is the Schmidt numben/ = oBj8*
g

VpPoo
9B(Tw T )52
vUp

is the local magnetic field parametéfr = is the local Grashof number,

R = Q;’% is the radiation parameter, arfd = KLT‘SQ is the local chemical reaction
parameter.
The corresponding boundary conditions fas 0 are obtained as:

f=1 6=1, ¢=0 atn=0, (23a)
f=0, =0, ¢=1 asn— . (23b)

Now the equations (20)—(22) are locally similar except mmt(g %), where t appears
explicitly. Thus the local similarity condition requirelsat the tern(%%) in the equa-
tions (20)—(22) must be a constant quantity.

Hence, following the works of Hasimoto [32], Sattar and Hisd33], Alam et
al. [34], Rahman and Sattar [35] one can try a class of saigiid the equations (20)-(22)
by assuming that

<éd—6) = )\ (a constant) (24)
v dt

Integrating (24) we have

5 =V2ut, (25)

where the constant of integration is determined througlcthredition thaty = 0 when
t = 0. We have considered the problem for small time. In this casenal velocity
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in (16) will be large i.e., suction will be large, which can bpplied to increase the
lift of the airfoils. From (24) choosing = 2, the length scalé(t) = 2\/vt which
exactly corresponds to the usual scaling factor for varimsteady boundary layer flows
(Schlichting [36]). Since is a scaling factor as well as ailsirity parameter, any value
of X in (24) would not change the nature of the solution exceptttea scale would be
different.

Now introducing (24) (with\ = 2) in the equations (20)—(22) respectively, we obtain
the following dimensionless non-linear ordinary diffetiehequations which are locally
similar in time but not explicitly time dependent.

6, —0 4
" T / !
f +(2n+UO)( 0 )f ++9T79f
+G7“(9T9_9)9(zosa—M(ere_e)fzo, (26)
1 3RPr\ ,
6 +(2n+vo)<3R+4 9 =0, (27)
¢ + 5c(2n+vo)¢’ — 7Sc(d0” + ¢'8") — ScK¢™ = 0, (28)

where primes denote differentiation with respect to sintifavariabler.

3 Local skin-friction coefficient, local Nusselt number andlocal
Stanton number

The physical quantities of most interest for the preseriblera are the local skin-friction
coefficient (dimensionless wall shear stress), the localsilt number (rate of heat trans-
fer) and the local Stanton number (rate of transfer of sgectcentration) which are
defined respectively by the following relations:

TU) 6q1U JS
Cf = , Nu=—————— and St=-— . 29
f PU(? Ag(Tw —T) UoCx (29)

Now the wall shear stress on the surfagg rate of heat transfer,, and rate of transfer
of species concentratioh are given by

S [u@} 7 (30a)
9y ] y—o
oT 4o (OT
w = —Ag| — —— = , 30b
! ! ( Ay ) y=0 3k ( Ay ) y=0 (300)
Js=-D {6‘_0] . (30c)
9 | y—0

10
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Now using equation (7) we have from (30b)

oT 160,73, (0T
W=\ ) T T \ Gy
Y/ y=0 E Y7 y=0

CNAT 1604 TS AT

=—==0'(0) s ¢'(0) (31)
A\gAT 4,
== (1 + ﬁ) 0'(0).

Using (12), (17), (30) and (31) the quantities of (29) can bit@n as follows:

4

0r ! _ /
CfRe = 5= ['(0), Nu= <1 + @>9 (0),

StScRe = ¢'(0),

(32)

whereRe = 229 s the local Reynolds number.

4 Method of numerical solution

The system of non-linear and locally similar ordinary diéfetial equations (26)—(28)
together with the boundary conditions (23) have been solweaherically by using
Nachtsheim-Swigert shooting iteration technique [37hglwith sixth order Runge-Kutta
integration scheme. The detailed discussion of the methodbe found in our earlier
paper Alam et al. [34].

Thus adopting this numerical technique, a computer progras set up for the
solutions of the governing non-linear partial differehéguations of our problem where
the integration technique was adopted as a sixth-order &#ugta method of integration.
Various groups of the parametexs 0,., R, Pr, Sc, M, Gr, T, K, n anda were considered
in different phases. In all the computations the step gize= 0.01 was selected that
satisfied a convergence criterion dd—° in almost all of different phases mentioned
above. The value of., was found to each iteration loop by the statemgpt= 1., + An.
The maximum value ofy.,, for each group of parameters, has been obtained when the
value of the unknown boundary conditionsrat= 0 does not change in the successful
loop with an error less thard—*.

Care has been taken to see the effects of step Aigedn the integration procedure.
For our system we ran the code with three different step sisesn = 0.01, Anp =
0.006, An = 0.001 and in each case we found excellent agreement among them.
Figs. 1(a)—(c) depicts respectively the dimensionlesscigl temperature and concen-
tration profiles for different step sizes. These figures sti@at/step size oAn = 0.01 is
sufficient getting a convergent solution.

11
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0.9 0.9F
0.8 0.8 —
orf o7f
I An =0.01 o °°F An =0.01
osf o o oAn=0006 osf o o o An =0.006
04fF o o An =0.001 o4f o o o An=0.001
0sf 0sf
0.2 — 0.2 —
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(@) (b)
i
0.9 -
0.8 -
0rf
¢ 0.6 E—
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0.2
o1
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n
(c)

Fig. 1. (a) velocity, (b) temperature and (c) concentrafimfiles for different step size.

5 Results and discussion

For the purpose of discussing the effects of various pamsien the flow behaviour near
the plate, numerical calculations have been carried ouiffarent values ofv, M, v, 6.,
R, Sc, 7, K andn for a fixed value of>r andPr. Due to free convection problem, positive
large value ofGr = 6 are taken which corresponds to a cooling problem and is géyper
encountered in nuclear engineering in connection withingodf reactor. Throughout
the study Prandtl number is kept constant0at which represents air &93 K and
1 atmosphere of pressure. It is important to note that thevsisgtemperature parameter
6. is negative for liquids and positive for gases wh&h, — T.) is positive. The values
of 6, (for air . > 0) are chosen to b2, 4 and6. The chemical reaction paramet&r
can be adjusted to meet the circumstances if one takés )0 for destructive reaction,
(i) K = 0 for the generative reaction, and (iii) for no reaction. Thedaalt values of
the other physical parameters are= 30°, M = 0.4, 6, = 2.0, vo9 = 0.5, R = 0.3,
Sc=0.6,7=0.1, K = 0.1 andn = 1.0 unless otherwise specified.

Fig. 2 shows the effect of angle of inclination to the vertitizection on the velocity
profiles. From this figure we observe that the velocity is dased by increasing the

12
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angle of inclination. The fact is that as the angle of indiimaincreases the effect of the
buoyancy force due to thermal diffusion decreases by arfattas o. Consequently the
driving force to the fluid decreases as a result velocity [e®fiecrease.

The effect of the magnetic field parameldron the velocity profiles is displayed in
Fig. 3. The presence of a magnetic field normal to the flow inlactecally conducting
fluid introduces a Lorentz force which acts against the flowisTesistive force tends
to slow down the flow and hence the fluid velocity decreaseb thi¢ increase of the
magnetic field parameter as observed in Fig. 3. Itis alsotegthickness of the thermal
boundary layer decreases with the increase of the magredtiqfirameter.

2 1
1.85— 0.9H
E 0.8§—
0.75—
o M =00,05,1.0
os5F
0ak
0.3%—
ozf
0.1 E—
og : .
n
Fig. 2. Velocity profiles for Fig. 3. Velocity profiles for
different values ofx. different values of\/.

The effect of the viscosity/temperature paramétevn the velocity and temperature
profiles is presented in Figs. 4(a), (b) respectively. Frbesé figures we observe that
velocity profiles increase whereas temperature profilesedse with the increasing values
of #,.. This is due to the fact that increase of the viscosity/tenajpee parameted,.
makes decrease of the thermal boundary layer thicknesshwsults in decrease of the
temperature boundary layer.

1 1

09 09
8 F 08
F 07k

9.=2.0,40,60 0 °F

o
T

9, =2.0,4.0,6.0

o = o
T T T
o o o
o> 2 o
LRALRS LARR

© © © o o o o o
®
T
o
0
T

o =
o

n
(a) (b)
Fig. 4. (a) Velocity and (b) temperature profiles for diffiergalues o, .
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Figs 5(a),(b) respectively represent the dimensionlelegitg and temperature pro-
files for different values of radiation paramefer It is seen from these figures that both
the velocity and temperature profiles decrease with theass of the radiation parameter.

09 fy
08F 08
o7F 07
06F 06
f osk R=0.1 0306 0 os R=0.1,0.3,0.6
04F 04F
0.3 ' 03 -
01F 0.1 -
ok A . " é 0 > 4 N 5 8 10
@ (b)

Fig. 5. (a) Velocity and (b) temperature profiles for diffiergalues ofR.

Fig. 6 shows the dimensionless concentration profiles fifergint values of the
Schmidt numberSe. It is clear from this figure that the concentration boundamger
thickness decreases as the Schmidt nunsbéncreases and this is the analogous to the
effect of increasing the Prandtl number on the thicknesstbéamal boundary layer.

The effect of thermophoretic parameteron the concentration field is shown in
Fig. 7. From this figure we see that the effect of increasieghiermophoretic parameter
7 is limited to increasing slightly the wall slope of the contration profiles fom < 0.80
but decreasing the concentration for valueg of 0.80.

1 F 1

O,Qi— 09

0.82— 08

0.7 F 0.7F

¢ °°F Se =0.30, 0.60, 1.0 o °°F ©=00,05,1.5

0.5;- 05F

0,42— 0.4

0.3?— 03

022— 02F

0.1 E 0.1
0 a—— : P E— : :
Fig. 6. Concentration profiles Fig. 7. Concentration profiles

for different values ofSc. for different values of-.

The effect of chemical reaction parametéron the concentration field is shown in
Fig. 8. From this figure we see that the concentration ine®asiring the generative

14
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reaction (( < 0) and decreases in the destructive reactiin = 0). This shows
that diffusion rate can be tremendously altered by chemezadtions. From this figure
we also observe that for generative reaction, concentrgtiofile overshoots within the
boundary layer. This may be attributed to the fact that desingy values ofX” implies
more interaction of species concentration within the baupéayer.

The effect ofn (order of chemical reaction) on the concentration distrins is
presented in Fig. 9 for destructive chemical reactiin ¥ 0). From this figure we see
that the concentration profiles increase with the increpsattues ofn.

14 F 1
13F F
E 09fF
12F o
14 _ osf
'E 07f n=1.0,2.0,3.0
09F E
(I) 08;— ¢ 0.6 E_
o7F K =-0.1,0.0,0.1 3
06F 04
05fF F
04 03F
035— c.2f—
02fF F
E 0.1F
0.1
0 1 . s 5 r 0 s = n 5
Fig. 8. Concentration profiles Fig. 9. Concentration profiles
for different values ofi. for different values oh.

Table 1 represents the effectsigfandd,. on the local skin-friction coefficient{f),
the local Nusselt numbeA) and the local Stanton numbe§). From this table we see
that the local skin-friction coefficient decreases whetesh the local Nusselt number as
well as the local Stanton number increases for wall fluidisady > 0). But imposition
of wall fluid injection (vy < 0) produces the opposite effects compared to the case of wall
fluid suction. Itis also seen from this table that both thala&in-friction coefficientC'f)
and the local Nusselt numbe¥{:) increases with the increasing valuegpbut the local
Stanton numbert) is not sensitive to change as the viscosity/temperatuanpeter.

Table 1. Effects oty andé, on Cf, Nu and St

o 0. Cf Nu St
—0.5 2.0 —0.4952308 0.3678345 0.3845293
0.0 2.0 —1.0062674 0.4057341 0.7453271
0.5 2.0 —1.3813645 0.4464034 0.9481058
1.0 2.0 —1.7408219 0.4998574 1.1550713
1.5 2.0 —2.1085590 0.5448530 1.3549843
1.5 4.0 —1.8742142 0.5639641 1.3549843
1.5 6.0 —1.6398694 0.5849254 1.3549843

Table 2 shows the effects @fr and R on the local skin-friction coefficient{f),
the local Nusselt numbeMu), and the local Stanton numbes#). From this table we
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see that as the radiation paramefeincreases, the local skin-friction coefficient and
the local Stanton number decrease while the Nusselt numbegadses for liquid metals
(Pr = 0.05), air (Pr = 0.70) as well as for water®®r = 7.0).

Table 2. Effects ofPr andR on Cf, Nu and St

Pr R Cf Nu St

0.05 0.1 —0.2908024 0.0813754  0.9428877
0.05 0.3 —0.4087336 0.1139205 0.9421206
0.05 0.6 —0.5051421 0.1460564 0.9413075
0.70 0.1 —0.7428116 0.2651156 0.9483914
0.70 0.3 —0.9372340 0.4464034 0.9475822
0.70 0.6 —1.0360335 0.5969869 0.9458703
7.00 0.1 —1.1755652 0.9503326 0.9496639
7.00 0.3 —1.3163509 1.7149534  0.9489905
7.00 0.6 —1.3793518 2.4109572 0.9475907

The effects of Schmidt numbefc and thermophoretic parameteron the local
Stanton numberSt) are shown in Table 3. It is observed from this table that tuall
Stanton number increases.gsor 7 increases.

Finally in Table 4, the effects of the chemical reaction paeter and the order of
the chemical reaction on the local Stanton numisey ére presented. It is observed from
this table that the local Stanton number decreases witmtitrease of< for a destructive
reaction > 0) and increases with the decreasédfor a generative reactiori{ < 0).
Itis also found from this table that the local Stanton nunibereases with the increasing
values ofn for both destructive as well as generative reaction.

Table 3. Effects ofSc andr on St Table 4. Effects of andn on St
Sc T St K n St
0.30 0.5 0.6531895 —0.2 1.0 1.4187066
0.30 1.0 0.6687925 0.0 1.0 1.0822959
0.30 1.5 0.6841851 0.1 1.0 0.9485822
0.60 0.5 0.9831672 —0.2 2.0 1.4483635
0.60 1.0 1.0249262 0.0 2.0 1.0822959
0.60 1.5 1.0659454 0.1 2.0 0.9746693
1.00 0.5 1.3544947 —0.2 3.0 1.5134239
1.00 1.0 1.4376140 0.0 3.0 1.0822959
1.00 1.5 1.5189339 0.1 3.0 0.9947767

6 Conclusions

This paper deals with the effects of variable viscosityi@phoresis as well as-th
order chemical reaction on an unsteady MHD free convectaat land mass transfer
flow past an impulsively started infinite inclined poroustela the presence of thermal
radiation. The fluid viscosity has been assumed to vary asnarse linear function
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of the temperature. By introducing a time dependent lengéttesas well as similarity
transformation, the governing non-linear partial diffetiel equations have been trans-
formed into a system of non-dimensional ordinary diffet@rgquations which are locally
similar and solved them numerically using shooting mettiydm the present numerical
investigation we may conclude the followings:

1. Imposition of wall fluid suction, > 0) decreases the local skin-friction coefficient
whereas increases the local Nusselt number as well as tleSt@nton number along
the surface of the plate. But imposition of wall fluid injexti(vg < 0) produces the
opposite effects compared to the wall fluid suction.

2. Viscosity/temperature parameter increases viscougatravell as rate of heat trans-
fer.

3. Radiation significantly controls the velocity as well Bsrinal boundary layers.
4. Chemical reaction significantly alters the diffusiorerat

5. Higher order chemical reaction induces the concentraifdhe particles for a de-
structive reaction and reduces for a generative reaction.
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