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Abstract

The paper deals with the effects of radiation and Soret nuwaloiation in the presence of heat
source/sink on unsteady laminar boundary layer flow of a chéyniecting fluid along 4
semi-infinite vertical plate, taking the term Eckert numbgo account. A magnetic field qgf
uniform strength is applied normal to the flow. The goverriogndary layer equations are
solved numerically, using Crank-Nicholson method and the siionlé carried out by coding
in C-Programme. Graphical results for velocity, tempegeand concentration fields and tabular
values of Skin-friction, Nusselt and Sherwood numbers arepies and discussed at variqus
parametric conditions. From this study, it is found ttiee Skin—friction, Nusselt number,
temperature and velocity of the fluid increase in the presbeaé source and for increasing
values Eckert number (Ec).
Keywords: Thermal diffusion (Soret), magnetic field, cieghreaction, Crank-Nicholson method,
chemical reaction, radiative heat flux, heat source/sink.

1 Introduction

Several authors have dealt with heat flow and mass &awskr a vertical porous plate with
variable suction, heat absorption/ generation, radiation andicilereaction. Actually, many
processes in engineering areas occur at high temperatukm@anttdge of radiation heat transfer
becomes very important for the design of the pertinent equipnduclear power plants, gas
turbines and the various propulsion devices for air anaiftsiles, satellites and space vehicles are
examples of such engineering ardassuch cases one has to take into account the efécts
radiation.

*Corresponding author: kotagirisrihari@yahoo.com;



British Journal of Mathematics & Computer Scien€&7, 2536-2556, 2014

NOMENCLATURES
0 Density
Co Specific heat at constant pressure

Kinematic viscosity

Thermal conductivi

Free convection parameter due to temperature

Free convection parameter due to concentration
Suction parameter
A constant exponential index

Molar diffusivity

Thermal radiation parameter

Magnetic paramet¢

Electrical conductivity

Mass diffusion coefficient
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Mean fluid temperature

Heat source/sink parame
Eckert number
Volumetric coefficient of expansion with concentration
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Coefficient of volumetric thermal expansion of the fluid

x ®

=

Chemical reaction rate constant

Schmidt number

Temperature

Prandtl numbe

Small reference parameter << 1
Soret number

Mean velocit

Rosseland radiation absorbtivity
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Several authors have considered effects of radiation emtdwian flows.Perdikis et al. [1]
illustrated the heat transfer of a micropolar fluid in thespnce of radiation. Raptis [2] studied the
effect of radiation on the flow of a micro-polar flyiést a continuous moving plate. Raptis et al.
[3] studied the viscoelastic flow by the presence ofatémh. Elbashbeshby [4] and Kim et al. [5]
have reported the effects of radiation on the mixed convectom @8f a micro-polar fluid.
Chamkha et al. [6] analyzed the effects of radiatiorfrea convection flow past a semi infinite
vertical plate with mass transfer. Ganesan and Logangifjastudied the radiation and Mass
transfer effects on flow of a viscous incompressible flpadt a moving cylinder. Ramachandra
Prasad et al. [8] considered the effects of radiationMasss transfer on two dimensional flow
past an infinite vertical plateRaptis [9] discussed the effect of radiation on stedoly bf a
viscous fluid through a porous medium bounded by a porous platcgd}jo a constant suction
velocity.

Abdus Sattar and Hamid Kalim [10] investigated the unstdesly convection interaction with
thermal radiation in the boundary layer flow past aiwakfporous plate. Makinde [11] examined
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the transient free convection interaction with thermdiation of an absorbing-emitting fluid.
Prakash and Ogulu [12have studied the effects of thermal radiation, time-déeet suction and
chemical reaction on two-dimensional flow of an incomgitds Boussinesq fluidMioreover,
when the radiative heat transfer takes place, the fluidived can be electrically conducting in
the sence that it is ionized owing to high operating teniperaln such case one cannot neglect
the effect of magnetic field on the flow field. Takingagmetic field into account, Sharma et al.
[13] discussed the effect of radiation on free convective flang a uniform moving porous
vertical plate. Sharma et al. [14] have reported orrdadé@tion effect with simultaneous thermal
and mass diffusion in MHD mixed convection flow from a vertimatface with ohmic heating.
Chaudhary and Preethi Jain [15] presented an analystudly the effects of radiation on the
hydromagnetic free convection flow of an electrically conithgctnicropolar fluid past a vertical
porous plate through a porous medium in slip-flow regifiakhar et al. [16] considered the effect
of radiation on free-convection flow of a radiation gas @asemi infinite vertical plate in the
presence of magnetic field. Raptis and Massalas [17]estule magneto-hydrodynamic flow past
a plate by the presence of radiatiSBndheer Babu and Satyanarayana [18] discussed the effects of
the chemical reaction and radiation absorption in the preseficmagnetic field on free
convection flow through porous medium with variable suctionaD®Ral et al. [19] has made the
Perturbation analysis to study the effects thermal tiadi;and chemical reaction on magneto-
hydrodynamic unsteady heat and mass transfer in a bourgaryflow past a vertical permeable
plate in the slip flow regime. Ibrahim et al. [20] analgghe effects of the chemical reaction and
radiation absorption on transient hydro-magnetic free-coraefibw past a semi infinite vertical
permeable moving plate with wall transpiration and heat sourc

Due to the importance of Soret (thermal-diffusion) anddDr (diffusion-thermo) effects for the
fluids with verylight molecular weight as well as medium moleculaige several investigators
like Eckert and Drake [21]Dursunkaya and Worek [22], Anghel et al. [23], Olanijewand
Makinde [24], Makinde [25], have studied and reportedréseilts for these flows. In addition to
this, Anand Rao et al. [26] analysed the effects of Aiscdissipation and Soret on an unsteady
two-dimensional laminar mixed convective boundary ldi@v of a chemically reacting viscous
incompressible fluid, along a semi-infinite vertical perbleamoving plate. Recently, The Soret
and Dufour effects on unsteady MHD mixed convection flow pasinfinite radiative vertical
porous plate embedded in a porous medium in the pres#nckemical reaction have been
studied Sharma et al. [27]. More recently, Srihari andak@®ddy [28] have made the
investigation to study the effects of Soret and Magneld bn unsteady laminar boundary layer
flow of a radiating and chemically reacting viscous incomjibsgluid along a semi-infinite
vertical plate.

In most of the earlier studies there seems to be no signifconsideration of the effects radiation
and Soret in the presence of heat source/sink, which playal aoke in maintaining heat transfer
at desired level in the applications of Nuclear power plaghs turbines and the various
propulsion devices for aircraft, missiles, satellitesd aspace vehicles. Fluid supports an
exothermic chemical or nuclear reaction is very commonyteata the correct processes design
requires accurate correlation for the heat trangfefficients at the boundary surfaces. Despite of
its increasing importance in technological and physicablems, the magneto-hydrodynamic
flow of a dissipative fluid past an infinite plate haveei@ed much attention because of the non-
linearity of the governing equations.

Hence based on the above discussion in the present paper &abatgmpt is made to study the
effects of radiation and Soret number variation in thes@nce of heat source/sink on unsteady
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laminar boundary layer flow of chemically reacting ingessible viscous fluid along a semi-
infinite vertical plate, taking the term viscous dissipati(Eckert number) in to account. A
magnetic field of uniform strength is applied normathe fluid flow.

2 Mathematical Formulation

An unsteady laminar, boundary layer flow of a viscanspmpressible, electrically conducting

fluid along a semi-infinite vertical plate, in the preseré thermal and concentration buoyancy
effects has been considered. The x'- axis taken alongldtein the vertically upward direction

and y'-axis normal to it. A magnetic field of uniformestgth applied along y' -axis. Further, due
to the semi-infinite plane surface assumption, the floviates are functions of normal distance
y' andt' only. A time dependent suction velocity is assumed notm#ie plate. Now, under the

usual Boussinesq's approximation, the governing boundary layatieqsi are:

Continuity
v
' &
Momentum
ou  ,ou _ o« . oB?
—+V—=u—+gB(T-T, )+ C-C -y
oV oy ~Uayz A T e -c) o
Energy
2 r 2 _
o, OT_ k 0T _10q, p (a_uj LQ0-T.)
ot gy’ pC, 0y pc, oy pc,\oy pc, 3)
Masstransfer
2 2
9,9 -, 0C Duke 0T _yicoc,)
ot oy oy T, 0y @)
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Diagram 2.1. Schematic diagram of flow geometry

The radiative flux Q) by using the Rosseland approximation [29] is given by

_ 4o oT*

q ;
" 3a, oy
The boundary conditions suggested by the physics of theepncare

©®)

u'=U,, T=T, +&(T, -T,)e", C=C, +&(C, -C.)e™ at y=0

U'HO, THTOO, C-C asy'aoo

(6)

It has been assumed that the temperature differeritiis the flow are sufficiently small aref
may be expressed as a linear function of the temper&tdteis is accomplished by expandifg
in a Taylor series abot, as follows [30]
: T-T.)° ..
P = M)+ (T =To) F(Ta) + === 1T ) +...
: ; M

Where f(T)=T* then f(T)=4T°, f*(T)=12T?
Simplifying (7), we get
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(T-T.)°
2
In the aboveTl aylor s expansion, neglecting the higher order terms, we have

T=T2+4T-T)T2+12 T2+...

T4 = 4T3T -31*

(8
Using (8) in (5) and then (5) in (3), equation of Energyig3jansformed to
oT , 0T _ Kk 0°T 16012 0T y (au)', QU -T.)
ot ay pc,0y'® 3pc k“ay'?  pc,ay pc, ©
Integration of continuity equation (1) for variable soctvelocity, normal to the plate gives
I n't'
v =-U,[L+eAe™) (10

whereA is the suction parameter apél is less than unityJ, is mean suction velocity, which is a
non-zero positive constant and the minus sign indicatésh&auction is towards the plate.

Using the equation (10) and introducing the following non-dimersiquantities

r 241 ] ]
u:u_, t:UOt, nzur;, y:yUO
U, v U; v
_ O _ 2
or=9800,"T) o 9FU(C,=C) o Qu 0By
Ug Ug pCon P,
- - _ 2
g=TT. ,.C=Co oo D,k (T, Tm), oo Ui
T, -T. C,-C. uT.(C,-C.) C,(T,-T.)
r 3 C
K=KV NR=20Te o HC g
U, 3agk k D (11)
into equations (1),(2),(4) and (9), we get the equationemdimensional form as follows
2
@—(1+£Ae”t)@=a—g+6r9+6mqo— Mu
y oy (12)

2541



British Journal of Mathematics & Computer Scien€&7, 2536-2556, 2014

2 2
96 _ (1+£Aem)ae 1+NR a_§+E Y, o
ot oy Pr )oy oy

(13)

0¢ (1+ A nt)gi Slcg ¢ Sog_e Kr ¢ (14)
y? y

with the boundary conditions
u=1 6=1+ee", @=1+ee"
u-0 -0 ¢-0

aty=0
asy o (15)
In order to establish a mathematical convenience of cgimge the solution at a finite point

(m-1), equations (12)-(15) should be transformed to a new sysfteoordinates. So, employing
the transformatios=1-e” on the equations (12)-(15), the following are obtained

6“'—(1+5Ae"‘)(1—/7)(‘:,7 ( 26“ -~ (- q)J+Gr9+Gm¢) Mu

(16)
20 t 96 _1+N 9 00
E_(HSAQ)G )* PrR[(l )67 @-n) j ‘{(1 m— ) -

a¢ ) 0¢ 1 , 0° op - 0%6 90
z freAdt)a- -2 0((1 -2l q-n% J S{(l n'— o7 ~(1-n) an Kr @

S on?
(18)
with corresponding boundary conditions
u=1l: f=1l+ce", @=1+ce™ at n=0
U—>0:0—>0, g -1 aS/7—>1 lgq

3 Method of Solution

The equations (16)-(18) are coupled, non-linear partialrdifiteal equations whose exact solution
is difficult to obtain, hence the problem is solved numdscalsing the following finite
difference formulae

of _ £t of _ fil -t/

ot At on An
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an® 2 (an)? (An)?
(wheref standsu,f and®)

92 f _1( fh-2f +fl  flr -2+ fiifJ

into the equations (16), (17) and (18) and simplifying ediog to theCrank and Nicholson
method , we get the following system of equations

-Pru/ft+ (1+ 2P, r)ui"+l -Pru/ =E/

(20)
-P,P,r8 +(1+2P,P,r)8 " - PP, r gt = F/ 21)
-%@f +[1+2;)3er¢4"*1 -%m‘;}l =H/ 2
with boundary conditions in finite difference form
u@ =1 60 j)=1+cexph. jLt), ¢=1l+cexph. j.At), O]
uaaj) -0 648j) -0  ¢aaj) -1 O] 9

E =Rry., ~(1-RRrA-2Rr +RrAp-M &)Y +(R Rrivy+Ry ~Rr)y., +Gritg +Gmitg

. N2
- } } : TR
' =RR 1, +{1-RR )RR 1 +RR 1 +SAL G +{RR 1V +RR T PR rAl])QﬁZBEC{WJ

ﬁ+—sz’7—|<rmj ¢ +(E
Sc S

_ _BrAg)
= R SC)%
+(2R1S,-S, R1V)@,+(S, RTV)-4Rr S)@ +2R1 S, 4,

R

—i 2
Pl:1+DAenjAtaP2:1_iAr/, P3:(1 I2A,7) 1P4:1+PNR
[

r =At/(An)?

Here An andAt are mesh sizes alomgand timet- direction, respectively. Indeixrefers to space

andj for time.

To obtain the difference equations, the region of the flodivigled into a grid or mesh of lines
parallel ton andt-axe withAn=0.1 andAt=0.005. Solutions of difference equations are obtained
at the intersection of these mesh lines called nodes.fifhe-difference equations at every
internal nodal point on a particularlevel constitute a tri-diagonal system of equationseséh
equations are solved by using the Thomas algorithm [31] laaditulation is carried out by
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coding in C-Program. In order to prove the convergence ofefidifference scheme, the
computation is carried out for slightly changed valueawfandAt, and the iterations on until a

tolerance ofL0™® is attained. Negligible change is observed in the valuas@and@.Thus, it is
concluded that, the finite difference scheme is convergehsiable.

From the technological point of view, after knowing treocity, temperature and concentration
profiles, it is important to know the skin-friction, ratéheat and mass transfer between the plate
and the fluid.

3.1 Skin-friction

The Skin friction coefficient is given by

au
oan

=(@-n)
=0 7o, (24)

3.2 Nusselt Number

The rate of heat transfer in terms of Nusselt numbgiven by

o o
Nu :07 = (1—/7)07 (25)
ay y=0 0,7 n=0
+2
(-1,[j+1) T D,
1 ) (Lj+1) {1+ j+1)
t
i p—
(-1 @ (i+1])
At
31 —— = —
(-1 |031 (i+1,j-1)
32
i2 il Am i+ 2
3

Diagram. 3.1. Grid meshing for finite difference method
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3.3 Sherwood Number

The rate of mass transfer in terms of modified Nusseithmar is given by

sh=2%
ay

4 Results and Discussion

o
=1-
( OFM

y=0

7= (26)

In order to get a physical insight into the problem, the enigal calculations for the distribution
of the velocity, temperature, concentration, skin-frictioafficient, rate of heat and mass transfer
across the boundary layer for various values of flow paemietuch as heat source and sink
parameter §), Grashof numberGr), Modified Grashof numberGm), Magnetic parameteM),
Prandtl numberRr) Schmidt number§9, Radiation parameteNR), Soret humberS9, Eckert
number Ec) and chemical reaction paramet&r)( have been carried out. During the course of
numerical calculations, to be realistic, the valueBrandtl numberRr) are chosen to be 0.71, 7.0
and 11.4 representing air, water af #Dand water at’C respectively. Alsér =1.0 is chosen
corresponding to electrolytic solution as the propagatiothefmal energy through electrolytic
solution in the presence of heat source, sink and magreltichias wide range of applications in
chemical engineering, aeronautical engineering and ataimjuision science.

The effects ofGr andGm in the presence of heat source on velocity field ushmvn in the
(Figs. 1 and 2) respectively. It is observed that aregse inGr andGm leads to increase in the
velocity of the flow because favourable buoyancy foroeekerates the flow. It is also observed
that as the values @r (or) Gm increases, the peak value of the velocity increesadly near
the wall of the plate and then decay to the free stredatity. Further, it is interesting to note that
the fluid velocity increases in the presence of heat socooepared to absence of heat source.
Effects ofM andSoin the presence of heat source on velocity field u are showFig. 3) and
(Fig. 4), respectively. It can be inferred from figured traincrease iSoleads to increase in the
velocity, but an increase M leads to decrease in the velocity. The presence of madiedd in

an electrically conducting fluid introduces a force calledentz force which acts against the flow
if the magnetic field is applied normal to the fluid flowhis type of resistive force tends to slow
down the flow field.

(Fig. 5) depicts the velocity profile for various values chth&ource and sink paramet& yhile
(Fig. 10) shows the temperature profile for different valeé Eckert number (Ec) and heat
source/sink parameteg)( It is evident from the figures that the temperatmd velocity increase
with an increase in the heat source param&eifThis result qualitatively agrees with expectation
since the effect of heat generation is to increasedte of heat transport to the fluid there by
increasing the temperature of the fluid and also increagsngelocity. It is also noted that
temperature and velocity of the fluid decrease in the presefriceat sink as heat absorption is to
decrease the rate of heat transfer to the fluid. The sisady (Fig. 10) reveals that the effect of
increasing values of Eckert number is to increase teahyerdistribution in the flow region. This
is due to the fact that heat energy is stored in theé duge to the frictional heating.

(Figs 6 and 9) are drawn for various value®obn velocity and temperature field respectively. A
comparative study of the graph reveals that the veglaeitl temperature of the fluid decrease as
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the value of Prandtl number increases. This is a goo@mgm with physical fact that an increase
in Pr leads to decrease in the thermal boundary layer thickidws reason underlying such
behavior is that the higher Prandtl number fluid hagtivelly lower thermal conductivity. This
results in the reduction of the thermal boundary layerkiigiss and thereby decreasing its
velocity. From (Fig. 6) it is cleared that velocity thie fluid increases in the presence of source
parameter while in the presence of sink it decreases.

From (Figs. 7 and 8), an important observation notedtligatemperature and velocity increases
as the radiation parameter increases. This result caxplzreed by the fact that an increase in the

radiation parameterNR =160'T. 3kay , forgiven k and T.,, means a decrease in the
Roseland radiation absorbtivitas). In view of equations (3) and (5), it is concludit the
divergence of the radiation heat fldg,/dy*, increases as§) decreases and this means that the
rate of radiative heat, transferred to the fluidreases and consequently the fluid temperature and
hence the velocity of its particles also increases.

(Figs. 11 and 12) display the effects  and Kr on concentration field respectively. A
comparison of the curves in the figures shows thaecrease in the concentration distribution
with the increase dfr. From the graph, it is found that an increasén@$oret number So results
in an increase in the concentrations of the fluidlevan increasing values of the chemical reaction
parameter there is a fall in the concentratiorhefftuid.

Skin-friction coefficient, Nusselt and Sherwood rbers are presented (Tables 1, 2 and 3)
respectively, for the both the cases of presensefale of heat source and Eckert number. A
comparative study of the numerical results in (€abl and 2), reveal that Skin—friction and
Nusselt number increase in the presence of heates@nd Eckert number. This due to the fact
that internal heat generation is to increase the of heat transfer to the fluid and increasing
values Eckert number is to increase the temperatueeto the frictional heating. Further, it is
interesting to note that Skin-friction increaseghwincreasing values &q NR Gr andGm, but it
decreases with increasing valuesMyf Pr and Sc From table (3), it is observed that Sherwood
number decreases in the presence of heat sourdecked number.

Table 1. Effectsof Gr, Gm, Pr, Sc, Kr, NR So and M on skin-friction coefficient

Gr  Gm Pr S Kr NR S0 M T T

S=0.0,Ec=0.0 S=2.0,Ec=0.5
Previous [28] Present

5.0 5.0 0.71 0.24 0.5 0.5 0.0 0.0 1.202 4032
5.0 5.0 071 0.24 0.5 0.5 00 20 0.557 0.7413
5.0 5.0 0.71 0.24 0.5 0.5 20 20 0.8394 729
5.0 5.0 0.71 0.24 0.5 1.0 20 20 0.9183 0523
5.0 5.0 0.71 0.6 0.5 0.5 20 20 0.7601 2684
5.0 5.0 7.0 0.24 0.5 0.5 20 20 0.3156 8838
5.0 100 0.71 0.24 0.5 0.5 20 20 2.6542 2.7352
100 5.0 0.71 0.24 0.5 0.5 20 2.0 2.0447 35
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Table 2. Effects of NR and Pr on Nusselt-number

NR Pr Nu S=0.0, Ec=0.0 Previous[28] Nu S=2.0, Ec=0.5 Present
0.0 0.71 -1.4771 -1.0807
0.5 0.71 -1.1621 -0.8230
0.5 7.C - 4.265¢ -3.677(
0.5 11.4 -5.3251 -4.7594
Table 3. Effects of Sc, Kr and So on Sherwood number
Sc Kr So Sh S=0.0, Ec=0.0 Previoug[2§] Sh S=2.0, Ec=0.5 Present
0.24 05 0.0 -0.5931 -0.59393
024 05 2.0 -0.1156 -0.37159
024 1.0 2.0 -0.1858 -0.43987
0.€ 0.5 2.C -0.00291 -0.5592:
1.8
o ° ——Gr=5.0, S=0.0
161 . & Gr=10.0,5=0.0
1.4 '.Q —a——Gr=15.0, S=0.0
: ---X--- Gr=5.0, S=4.0
1.2 P R Gr=10.0, S=4.0
1 & _ ---¢--- Gr=15.0, S=4.0
U o8

0.6

0.4 +

0.2 0.4 7 0.6 0.8 1

Fig 1. Effect of Grashof number Gr on velocity field u in the presence/absence of heat source
(Gm=5.0, NR=0.5, Pr=0.71, Sc=0.22, Kr=0.5.S0=1.0;#0.5, M=1.0,6=0.01, n=0.1, A=0.3 and t=1.0)
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1.8 4

1.6 1

1.4 -

0.8 4

0.6 -

0.4 4

—— Gm=5.0, S=0.0
—a— Gm=10.0, S=0.0

——— GmM=15.0, S=0.0
---X--- GM=5.0, S=4.0
....... GM=10.0, S=4.0

o, s GM=15.0, S=4.0

0
Fig. 2. Effect of M odified Grashof number Gr on velocity field u in the presence/absence of

T T
0.2 0a 1 0.6 0.8 1

heat sour ce

(Gr=5.0, NR=0.5, Pr=0.71, Sc=0.22, Kr=0.5.S0=1.0¢c#D.5, M=1.0,6=0.01, n=0.1, A=0.3 and t=1.0)

1.4

1.2

0.8

0.4

0.2

—— M=0.0, S=0.0
—X., — = M=2.0, S=0.0

N —a— M=4.0, S=0.0
- ==X - - ME0.0,5=4.0
---x---M=2.0, S=4.0
------- M=4.0, S=4.0

0

0.2 04 T o6 0.8 1

Fig. 3. Effect of Magnetic parameter M on velocity field u in the presence/absence of heat

source

(Gr=5.0,Gm=5.0,NR=0.5,Pr=0.71,5¢=0.22,Kr=0.5.Ec=099=1.0¢=0.01 n=0.1, A=0.3 and t=1.0)
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1.4

—e—S0=0.0, S=0.0
— = S0=2.0, S=0.0
—+—S0=4.0, S=0.0
---X- - - S0=0.0, S=4.0
------- S0=2.0, S=4.0
---X--- S0=4.0, S=4.0

1.2 ~

0.8 1

0.6

0.4

0.2 1

0

0 0.2 0.4 T os 0.8 1
Fig. 4. Effect of Soret number So on velocity field u in the presence/absence of heat source
(Gr=5.0,Gm=5.0,NR=0.5,Pr=0.71,Sc=0.22,Kr=0.5.Ec=0M6=1.0,=0.01, n=0.1, A=0.3 and t=1.0)

1.2
o - - 3 B
D $=0.0
1 $=2.0
SN —>%—S=4.0
08 | BN NUEREEE $=-2.0
a ce-e---S5=-40
0.6 N
a
u N
0.4 - .
N
0.2
0 T T T T
0 0.2 0oa T o6 0.8 1

Fig. 5. Effect of heat source/sink on velocity field u
(Gr=5.0,Gm=5.0,NR=0.5,Pr=0.71,Sc=0.22,Kr=0.5.So=1H2=0.5,M=1.0¢=0.01, n=0.1, A=0.3 and
t=1.0)
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Fig. 6. Effect of Prandtl number Pr on velocity field u in the presence/absence of heat
sour ce/sink
(Gr=5.0,Gm=5.0,NR=0.5,S0=1.0,S¢=0.22,Kr=0.5.Ec=06;1.0,=0.01, n=0.1, A=0.3 and t=1.0)
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Fig. 7. Effect of Radiation NR on velocity field u in the presence/absence of heat sour ce/sink
(Gr=5.0, Gm=5.0, S0=1.0, Pr=0.71, Sc=0.22, Kr=0.8480.5, M=1.0,6=0.01, n=0.1, A=0.3 and t=1.0)
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Fig. 8. Effect of Radiation NR on temperaturefield in the presence/absence of heat
sour ce/sink
(Gr=5.0, Gm=5.0, S0=1.0, Pr=0.71, Sc=0.22, Kr=05¢=0.5, M=1.0,¢=0.01, n=0.1, A=0.3 and t=1.0)
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Fig. 9. Effect of Prandtl number Pr on temperaturefield (Gr=5.0, Gm=5.0, So=1.0, NR=0.5,
S=2.0, Sc=0.22, Kr=0.5, Ec=0.5, M=1.6-0.01, n=0.1, A=0.3 and t=1.0)
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Fig. 10. Effect of of heat source/sink and viscous dissipation on temperaturefield
(Gr=5.0, Gm=5.0, S0=1.0, NR=0.5, Pr=0.71, Sc=0.X2~0.5, M=1.0,¢=0.01, n=0.1, A=0.3 and t=1.0)
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Fig. 11. Effect of Soret number So on Concentration field
(Gr=5.0, Gm=5.0, NR=0.5, Pr=0.71, S=2.0, Sc=0.227R.5, Ec=0.5, M=1.0,£=0.01, n=0.1,
A=0.3 and t=1.0)
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Fig. 12. Effect of chemical reaction parameter Kr on Concentration field
(Gr=5.0, Gm=5.0, NR=0.5, Pr=0.71, S0=1.0, S=2.07822, Kr=0.5, Ec=0.5, M=1.0¢=0.01, n=0.1,
A=0.3 and t=1.0)

The results obtained are compared with those d¢faBrand Kesavareddy [28] for Skin-friction,
rate of heat and mass transfer in the absenceabfsberce/sink paramet&r and Eckert number
Ec. The comparisons in all the cases are found io bery good agreement.

5 Conclusions

Effects of Radiation and Soret number variatiortha presence of heat source/sink on MHD
unsteady laminar boundary layer flow of a chemjceglacting incompressible viscous fluid along
a semi-infinite vertical plate, is analysed. Frdnis tstudy the following conclusions are drawn.

» The temperature and velocity of the fluid increiasthe presence heat source.

= Skin—friction and Nusselt number also increaséhegresence of heat source and Eckert
number. This due to the fact that effect of heategation is to increase the rate of heat
transport to the fluid thereby increasing the terapee and its velocity of the fluid

* Increasing values Eckert number is to increasedhwerature of the fluid. This result
agrees with fact that heat energy is stored irflthe due to the frictional heating.

= Anincrease in So leads to increase in the velpbity an increase in M leads to decrease
in the velocity.

= The effect of heat source/sink on temperature isensignificant than in the case of
velocity field.

» Temperature and velocity increases as the radigtivameter increases. This due to the
fact that an increase in the radiation parametenrdte of radiative heat transferred to
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the fluid increases and consequently the fluid tmafure and hence the velocity of its
particles also increases

» The results obtained are compared with those bdfaBrand Kesavareddy [28] for, Skin-
friction, rate of heat and mass transfer in theeabs of heat source/sink parameter S and
Eckert number Ec. The comparisons in all the cagesfound to be in very good
agreement.
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