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ABSTRACT

We investigate the mathematical model of convective heat and mass transfer flow over a stretching sheet embedded in
a porous medium under the influence of chemical reaction, radiation absorption and Soret effect. The governing
fundamental equations are first transformed into system ordinary differential equations using self similarity
transformation and they are then solved numerically by using Galerkin Finite Element method. Important features of
flow, heat and mass transfer characteristic for different values of Schmidt number, Buoyancy ratio, chemical reaction,
radiation absorption and Soret effect are analyzed and discussed. Favorable comparisons with previously published
work on various special cases of the problem are obtained. Numerical results for velocity, temperature and
concentration distributions for a prescribed various parameters as well as Nusselt number and Sherwood number with
different parameters are reported graphically.
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INTRODUCTION

Recently, studies on the boundary layer flow and Heat and mass transfer problems on mixed convection flow due to
stretching porous medium have received considerable attention because of numerous applications in geophysics and
energy related engineering problems that include both metal and polymer sheets. For example, it occurs in the extrusion
of a polymer sheet from a die or in the drawing of plastic films, which are then cooled in a cooling bath and during
cooling reduction to both thickness and width takes place. The quality of the final product depends on the rate of heat
transfer at the stretching surface and it occurs in the aerodynamic extrusion of polymer sheets, fiber and granular
insulation materials, high performance insulation buildings, transpiration cooling, packed bed chemical reactors and
continuous filament extrusion from a dye. Sakiadis [1] initiated the study of boundary layer flow over a continuous
solid surface moving with a constant speed. Crane [2] gave an exact similarity solution in closed analytical form for
steady boundary layer flow of an incompressible viscous fluid caused due to stretching of an elastic sheet which moves
in its own plane with a velocity varying linearly with distance from a fixed point.

In many practical applications mass transfer takes place by diffusive operations which involve the molecular diffusion
of species in the presence of two types of chemical reactions namely, homogeneous and heterogeneous. Mixed
convective heat and mass transfer problems with chemical reaction are of importance in many processes and have,
therefore, received a considerable amount of attention in recent years. In processes such as drying, evaporation at the
surface of a water body, energy transfer in a wet cooling tower and the flow in a desert cooler, heat and mass transfer
occur simultaneously. Possible applications of this type of flow

NOMENCLATURE

velocity of the fluid in the x-direction

velocity of the fluid in the y-direction

flow directional coordinate along the stretching sheet
distance normal to the stretching sheet

temperature of the fluid

mean fluid temperature

stretching sheet temperature

temperature far away from the stretching sheet
concentration of the species

drag coefficient which is independent of viscosity
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Cp Specific heat at constant pressure

D, mass diffusion coefficient

A, parameters of temperature distribution on the stretching surface
A parameter of mass distribution on the stretching surface
A" B’ coefficients of space and temperature dependent heat source/sink
b stretching parameter

B transverse magnetic field

B, uniform transverse magnetic field

E electric field

E. Eckert number

E, uniform electric field

E; local electromagnetic parameter

F local inertia-coefficient

Gry Grashof number

g acceleration due to gravity

Ha Hartmann number

k permeability of the porous medium

k1 porous parameter

kr thermal diffusion ratio

K mean absorption coefficient

Pr Prandtl number

Sr Soret number

Sc Schmidt number

q” non-uniform heat source/sink

Rey local Reynolds number

Nuy local Nusselt number

Shy local Sherwood number

Greek symbols

0 non-dimensional temperature parameter

0r constant, related to variable viscosity

Br co-efficient of thermal expansion

n similarity variable

K is the thermal conductivity

v kinematic viscosity

p density of the fluid

c magnetic permeability

A buoyancy parameter or mixed convection parameter

can be found in many industries. For instance, in the power industry, among the methods of generating electric power is
one in which electrical energy is extracted from a moving conducting fluid. We are interested in cases in which
diffusion and chemical reaction occur at roughly the same speed. When diffusion is much faster than chemical reaction,
then only chemical factors influence the chemical reaction rate; when diffusion is not much faster than reaction, the
diffusion and kinetics interact to produce very different effects.In view of these applications, [3-8] have studied and
reported the significance of chemical reaction. The study of heat generation or absorption effects in moving fluids is
important in view of several physical problems, such as fluids undergoing exothermic or endothermic chemical
reaction.

The effects of thermal-diffusion (Soret) of heat and mass transfer have been examined by chapman and cowling [9] and
Hirshfelder et al., [10] from the kinetic theory of gases. Thedy explained the phenomena and derived the necessary
formulae to calculate the thermal-diffusion coefficient and thermal-diffusion factor for monatomic gases or polyatomic
gas mixtures. The heat and mass transfer simultaneously affecting each other that will cause the cross-diffusion effect.
The mass transfer caused by temperature gradients is called Soret or thermal-diffusion effect. Thus Soret effect is
referred to species differentiation developing in an initial homogeneous mixture submitted to a thermal gradient. The
Soret effect, for example, has been utilized for isotope separation, and in mixture between gases with very light
molecular weight (H,, He) and of medium molecular weight (N,, air). The previous studies are based on the constant
physical parameters of the fluid. For most realistic fluids, the viscosity shows a rather pronounced variation with
temperature. It is known that the fluid viscosity changes with temperature. Thus it is necessary to take into account the
variation of viscosity with temperature in order to accurately predict the heat transfer rates. Ali [11] investigated the
effect of variable viscosity on mixed convection heat transfer along a moving surface. Recently, Mondal et. al., [12]
have studied MHD non-Darcy mixed convective diffusion of species over a stretching sheet embedded in a porous
medium with non-uniform heat source/sink, variable viscosity and Soret effect.
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The effect of the chemical reaction and radiation absorption on the unsteady MHD free convection flow past a semi
infinite vertical permeable moving plate with heat source and suction investigate by Ibrahim and Elaiw et.al. [13].
Jafarunnisa [14] have studied the effect of radiation absorption on unsteady convective heat and mass transfer flow with
chemical reaction. Naga Leela Kumari [15] have discussed effect of radiation absorption on unsteady hydromagnetic
convective heat and mass transfer flow in a horizontal channel bounded flat walls with oscillatory flux. Indudara Reddy
[16] have studied effect of radiation absorption on unsteady hydro magnetic convective heat and mass transfer flow
through a porous medium past a semi infinite vertically porous plate.

The motivation of this analysis is to investigate the effect of radiation absorption on convective heat and mass transfer
flow of a chemically reacting viscous electrically conducting fluid with non-uniform heat source past a stretching sheet
embedded in a porous medium. The flow characteristics are analyzed for different variations of chemical reaction,
radiation absorption and buoyancy ration and Soret effect. The rate of heat and mass transfer are evaluated numerically.

MATHEMATICAL ANALYSIS

Consider two dimensional steady incompressible electrically conducting fluid flow over a vertical non linear stretching
sheet embedded in non-Darcy porous medium with the plane y=0 of a co-ordinate system. The fluid properties are
assumed to be isotropic and
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Fig-1: Boundary layer over stretching sheet

constant, except for the fluid viscosity L which is assumed to vary as be an inverse linear function of temperature T, in
the form ( see Lai and Kulacki [17] ):

1 1 1
Z= = [l+yT-T,)] or ==a(T-T,), )
2 JZ

0

1

Where a = r and Tr = (TOO - —] . Both a and T, are constant and their values depend on the reference state and
Hy e

the thermal property of the fluid, i.e. y. In general, a>0 for liquids and a<0 for gases. @, is a constant which is defined

Tr _Too _

TW _Too ;/(TW _Too)

that for y — 0 i.e. = p, (constant) then &, — oo. Itis also important to note that €. is negative for liquids and

by 6, =

and primes denote differentiation with respect to . It is worth mentioning here

positive for gases. T_ is free stream temperature. The flow region is exposed under uniform transverse magnetic fields

B, =(0,B,,0) and uniform electric field E= (0,0,—E,) (see Fig.1). Since such imposition of electric and
magnetic fields stabilizes the boundary layer flow. It is assumed that the flow is generated by stretching of an elastic
boundary sheet from a slit by imposing two equal and opposite forces in such a way that velocity of the boundary sheet

is of linear order of the flow direction. We know from Maxwell’s equation that V . B=0and VxE =0. When

magnetic field is not so strong then electric field and magnetic field obeys Ohm’s law J= O'(E +qx I§) , where J

is the Joule current. The viscous dissipation and velocity of the fluid far away from the plate are assumed to be
negligible. We assumed that magnetic Reynolds number of the fluid is small so that induced magnetic field and Hall
effect may be neglected. We take into account of magnetic field effect as well as electric field in momentum. Under the
above stated physical situation, the governing boundary layer equations for momentum and energy for mixed
convection under Boussinesq’s approximation are

Conservation of mass:
ou  ov
—+==0

OX oy
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Conservation of momentum:

1( ou ou 1 0 ou) o 2\ U C, ) .
SlU—+— |=———| u— |+—(E,B, —B,u)-Zu—| == T-T c-C,) @
32[u8x+6y) pwgay(ﬂay}rp (ExB,~By’u) i [\/Ej“ +95 (T-T.)+9h.(C-C,) @

o0

Energy equation:

2 2
WL L __k 2 -lz- e (a—uJ +—2 (uB, —E, ) + L q"+Q,'(C-C,) )
8X ay poon ay poccp ay poocp poOCp
Mass diffusion of species equation:
2 D k 2
u£+v£:Dm6?+ m Ta-lz-—y/l(C—Cw) (5)
ox oy oy T, oy
Boundary conditions
2
u=U,(x)=bx, v=0, T=TW=TOO+A0(|§)
X 2
C:CW=COC+A1(T] at y=0 (6)

u=0, T->T, C—->C_, as y - o
where u and v are the velocity components in the x and y-directions respectively: C,, stands for concentration at wall,

C., is the concentration far away from the stretching sheet, D, is the mass diffusivity, T,, is the mean fluid temperature,

Kr is the thermal diffusion ratio, Ql1 is the radiation absorption coefficient and y is the chemical reaction coefficient.

To solve the governing boundary layer equations (2)-(5), the following similarity transformations are introduced (see
[18, 19]):

u=bxf'(n), v=—ybo, f(n), n:\/uzy.

T-T cC-C "
g=— > -2 Y=
roT e e
The non-uniform heat source/sink, " (see [20,21]) is modeled as
qr = a1 e (7T, )8°] ®)
X0

0

where A" and B” are the coefficient of space and temperature dependent heat source/sink respectively. Here we make a
note that the case A >0, B >0 corresponds to internal heat generation and that A <0, B <0 corresponds to internal heat
absorption.

Substitution of equation (7) and (8) into the governing equations (3)-(5) and using the above relations we finally obtain
a system of non-linear ordinary differential equations with appropriate boundary conditions

fr o\ff"r 1 gf" 0),,, 0\ f° _..,
—+|l-— | —=+— +[1-— [M°(E, - f')=|1-— || —+F f“=A(6+Nog) |[+k " (9
( ]gz 0-0 ¢ ( ej (B-F) [ 9][2 ( (p)J ' ©

8 Hr r r g
0" - (1— Hﬁ] Prl2f 6 - 16')- M2Ec(E, - ') |= —EcPr(f") - (Ae” +B'0)- Q4 (10)
¢"+Sc(fp' —219)— yp=—-ScSro" (11)
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The boundary condition (6) becomes

f(0)=0, f/(0)=1 6(0)=1 #(0)=1aty—0,
f'(0) =0, O(x)=0, @(0)=0 asn — o, (12)

¥ o E
where K, :k_; is the porous parameter, M = EBO is the Hartmann number, E; :ﬁ is the local inertial-
X
0

-1
T,-T 4
A= —gﬂT( > °°) is the buoyancy or mixed convection parameter, Pr = [1—9—] Pr_is the Prandtl

coefficient,
bx .
p.0.C, . 1?7 v, .
number and Pr, = ————is the ambient Prandtl number, and EC = is the Eckert number, SC = D—°° is the
p m
Schmidt number.
The local Nusselt number which are defined as
X
Nu = — 2% (13)

" k(Tw_Too),

where Q,, is the heat transfer from the sheet is given by

oT
q, = —k(—} , (14)
),

Using the non-dimensional variables (7), we get from equations (13) and (14) as

Nu ,
e—lx/z =-6'(0). (15)

X

The physical quantity of interest is the local Sherwood number which are defined as
X
Sh, = ¢, (16)
Dm (CW - Coo )

Where ¢, is the mass transfer which is defined by

oC
q, =-D, (—J 17
¥ )0

Using the non-dimensional variables (7) and (17), we get from equation (16) as

sh, ,
Re 2 -¢'(0),

XU, (X)

19)

o0

where Re, = is the local Reynolds number.

Finite Element Analysis

The set of differential equations given in (9)-(11) are highly non-linear and therefore, cannot be solve analytically.
Hence finite element method has been used for solving it. The finite element method is powerful technique for solving
ordinary and partial differential equations. This method is so general that it can be applied to a wide variety of
engineering problems including heat and mass transfer, fluid mechanics and solid mechanics, electrical systems,
chemical processing. For the finite element method one can refers to Bathe [22] and Reddy [23].
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We define the error residuals as

k k k

E,Fldderl f2df+1ki9df 1.9 2 E—i
gdn dn? 0 g dn* 6, -6%dn dn 6, dn

k k \2 k

1—‘9— ar (F*+i2j— Al +Ngt) |- o

dn £ d77
k K k k Kk \2 2 £k \2

Egzid‘g 1= |pr| [ 20+ 9 _ 199} g El—i +Ecpr| fz

dn dn o, dn dn dn dn

+(Ae” + B0 )+ Qg

k k k k
Egzidi+5c fkdi—ziqﬁ 7" 4 scgr 449
dn dn dn  dpy dn dn

where *, 0" & ¢* are the values of f,0 & ¢ in the arbitrary element €, .

Variational formulation
The variational form associated with equations (18)-(20) over a typical element (ne, 77e+1) is given by
e +1

wW,E¥d7 =0

J‘%HWZE;dn =0
e

J‘%HWSE;dn =0
e

where W;, W, & W, are arbitrary test functions and W, =W, =W, = ‘ij ,j=1t03.

Finite Element Formulation
The finite element approximations of ¥, 0" & ¢* are taken as,

ff= £ Pf + 0 + £ Py
0" = 0]V + 05¥5 + 05 ¥S
0" = 41V + Yy + 4

For a typical element, the interpolation functions (Shaped functions) are given by

S ) G

o (Zk 2 2k1 (Zk 2 2kj

5
Y
T

( 2k -1 ]( 2k —2 j
n- S| n- S
\sz n n
3 [Zk 2k—2) [Zk 2k—1j
S| —— S| ——
n n n n
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n
where ‘Plk, ‘I’zk & ‘Pe'f are Lagrange’s quadratic polynomials, K = E & s =6. Following the Galerkin weighted

residual method and integrating (18)-(20), we obtain

’7e+11d fkdl// Mes1 ek fk dek Mes1 1 d dfk
_[ —Ldnp J. 1-— ——t//;‘d77+ J. —| 0 — t,//'j‘dn

o€ dn® dp . 0. )& dn’ 0 -6“dn|  dpy
Mes Hk df Mes df 1
+ [ |1-= M’ E,—— |w'dp 1-—— | =— || F += |- 40" + Ng* ) lp“d
’_][( Hr] ( dﬂ}/l ’_][[ j[(dnj( gzj ( ¢ )}//J n
e+ dfk
- J klﬁ‘//;(d’F Py +h; (25)

e

df df
where P,; :(d_l//:() & R; :—(d—w;‘]
77 Mes1 77 1,

e+ e

Men 4ok o ¥ Tega k k %
jdi—'/’l dn - j(l—e—jp{(zek d” f"diJ—MZECLEl—ij ]z//]kdn
5 dm dpy . 0. dn dn dn

Mes1

Mes1 dek 2 v K
+ EcPr(WJ “drp + j(Ae + B0 dn+ le¢ widn=0Q,, +Q, (26)

e e

do* do*
where sz :[d_'//:(} & Qlj :_(d ‘//;(J
77 Mes1 77 n

Tles1

Tes1 Tes1 Mes1 d
J‘ d(p l//l dn + J Sel| fx22 d(” Zi(o widn— I 70"y d77+SCSrJ- a0 l//J dn=S, +S,; (7)
) dp dn dn * ) » dn dn b

d do* d do*
w5, =( 1) *[W?J &5 (di IR
e Men e Me

1

e

Substituting f*, 0" &¢k in terms of local nodal values, the above equations (25)-(27) reduces to

3 Me+1 1 d2(// dl// 3 7]e+1 0 l// d l// Mes1 d dl//
£l = ' Ldn = Lyldn+ ) fX ¢ — lykd
; ! 2 I gr 82 d 2 l//J 77 Z j 9 ek dn J 77

7 € dn’ 1 g i=1 dn
3 Mes1 ek [ dl// ] Mes1 0 dl// 1
+> 1= M2 Lykdn =) X 1—— —L [F +—]—wk+N¢k whdn
; );[[ ‘9r 1 d77 i Z )_7[ d77 g2 ( ) i

; dy
-1 Ikv%dn P, +P, (28)

i=l g, dn dp =1, dn dr

Nes1 Mes1 k k k ?
Ze, J‘ dl//. l//J dny ng J'( - ]PrILZWiki_ koJ_MZEc(El—%j ]l//lj-(dﬂ

Mes1 ey
+ZHKIECP{ J d77+29k I(Ae +Bl//.)‘//df7+z'9k JQ1¢kw,kd77 Q; +Q; (29)
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Men

\ d d dfk Mes1
; J' l//I l//J d +Z¢ J.Sc(fk W' _2d77 ]V/Jdn Zl¢ J‘y‘//|lr//1d77
e g ! 7e

k

Mes1 k
+ScSrZ¢ jd‘g d =S, +S,, (30)

Choosing l//:-‘ ’s corresponding to each element ey in the equations (28)-(30) yields a local stiffness matrix of order

3x 3in the form

(a6 0 X6 )+ e e b+ Mg X ) (e XA )= (R K )= P + B + () @)
(lo5)-Pr(n)+ EcPr{iy)+ (95)+ Qu(K .J))(Hk) Q% +Qf + v)) @)

() st ot Scselt o =5+ s, + ) @
e (o 0 e 2 D0 D0 L M o e 3t an

Mes1
V;f =-A Iy/ikl//ikd n and (szj ), (Plij ), (Q;(J ), (QlkJ ), (ng ), (Slkj) are 3 x 1 column matrices and such stiffness matrices
e
(31)-(33) in terms of local nodes in each element are assembled using inter element continuity and equilibrium
conditions to obtain the coupled global matrices in terms of the global nodal values of f,8 & ¢ . The whole domain is
divided into a set of 100 line elements equations we obtain a matrix of order 201x 201. This system of equations as
obtained after assembly of the elements equations is non-linear therefore an iterative scheme has been used to solve it.
The system is linearized by incorporating known functions. After applying the given boundary conditions only a
system of 195 equations remains for the solution which has been solved using Gauss elimination method. Convergence
is assumed when the ratio of every one of f K . 0 & ¢k for last 2 approximations differed from unity by less than 10
at all values of 1 in 0<n<mn,.

Table 1
Comparison of Local Nusselt number — 8'(0) for Ha=0, 4 =0, Q,=0, » = 0 and various values of Pr with
Ishak[25], Abel[27] and D.Pal[24].

Pr Ishak[25] Abel[27] D.Pal[24] Present result
1.0 1.3333 1.3333 1.333333 1.332842

3.0 2.50972 2.50972 2.509725 2.509695

10 4.7969 4.7969 4.796873 4.801825
Table 2

Comparison of Local Nusselt Number — 8'(0) for various values of Ec, Pr, A, B with Abel and D.Pal in absence of
Hartmann number, porous parameter, chemical reaction and Radiation absorption.

Ec Pr A B Abel[27] D.Pal[24] Present result
002 4.0 0.3 0.3 2.68986 2.694002 2.700025

RESULTS & DISCUSSION

In this analysis we analyze the effect of chemical reaction, radiation absorption on non Darcy convective heat and mass
transfer flow of viscous electrically conducting fluid over a stretching sheet in the presence of magnetic field. The
results are presented graphically in figures (2)-(21) for different parametric variations. Comparisons of the present
results with previously works are performed and excellent agreements have been obtained. The non-linear coupled
differential equations are solved by Galerkin Finite Element analysis with 3 noded line segments. In the absence of
chemical reaction and radiation absorption the results are compared with Dulal pal [24].

The variation of the actual velocity (u) is presented in figures (2)-(6) for different values of Schmidt number Sc,
Buoyancy ratio N, Chemical reaction parameter y, Radiation absorption parameter Q; and Soret parameter Sr. Fig-(2)
represents the variation of u with Sc. The analysis of the graph reveals that the effect of increasing the value of Sc is to
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decrease the velocity distribution in the flow region. Physically, the increase of Sc means the decrease of the molecular
diffusivity D, which results in decrease of the momentum boundary layer. Hence velocity of the species is large for
smaller values of Sc and lesser for higher values of Sc. Fig-(3) represents u with buoyancy ratio N. It is found that
when the molecular buoyancy force dominates over the thermal buoyancy force the actual velocity enhances when the
buoyancy forces act in the same direction and for the forces acting in opposite direction u depreciates in the flow
region. Fig-(4) represents u with chemical reaction parameter y. It is found that the velocity experiences an
enhancement in the degenerating chemical reaction case and depreciates in the generating chemical reaction case. Fig-
(5) represents u with radiation absorption parameter Q;. We notice that an increase in Q; enhances u in the flow region.
The effect of thermo diffusion (Soret effect) on u is shown in fig-(6). It is found that an increase in the Soret parameter
Sr results in a depreciation in the actual velocity.

The non-dimensional temperature (0) is shown in figures (7)-(11) for different variation of Sc, N, y, Q; and Sr. It is
found that the temperature rises from its prescribed value 1 on the wall n=0 reaches the maximum at n =1.5 and then
falls to the prescribed value O far away from the boundary. Fig-(7) represents 6 with Schmidt number Sc. It is found
that lesser the molecular diffusivity smaller the actual temperature in the flow region. Fig-(8) represents 6 with
buoyancy ratio N. It is observed that when the molecular buoyancy force dominates over the thermal buoyancy force
the temperature experiences a depreciation when the buoyancy forces act in the same direction and for the forces acting
in opposite directions the temperature enhances in the flow region. Fig-(9) represents 6 with chemical reaction
parameter y. It is found that temperature enhances in the degenerating chemical reaction case and depreciates in the
generating chemical reaction case. Fig-(10) represents 6 with radiation absorption parameter Q;. It is seen from this
figure that the temperature distribution increases with increase in radiation absorption parameter Q,, more effectively
near the surface of the stretching sheet with formation of the peak for higher values of Q; > 2.0. Fig-(11) represents 0
with Soret parameter Sr. It is seen from this figure that the temperature distribution increases with increase in Sr more
effectively near the surface of the stretching sheet with formation of the peak at n =1.5 for any Sr far away from the
boundary and the temperature depreciates in the flow region.

The non-dimensional concentration C is shown in figures (12)-(16) for different values of Sc, N, vy, Q; and Sr. The
concentration gradually depreciates from its prescribed value 1 on n=0 and attains the prescribed value 0 far away from
the boundary. Fig-(12) represents concentration with Schmidt number Sc. It is notice from the analysis of the graph that
an

I L ! L L L I I L L L I L I L L
0 1 2 3 4 5 6 7 & 9 10 0 05 1 15 2 25 3 35 4

m n
Fig-2: Velocity profile for different values of Sc Fig-4: Velocity profile for different values of y
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Fig-3: Velocity profile for different values of N Fig-5: Velocity profile for different values of Q
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Fig13: Concentration profile for different values of N

224



R. Bhuvana vijayal, B. Mallikarjunal* and D. R. V. Prasada Raoz/ Finite element analysis of convective heat and mass transfer
flow over a stretching sheet... / IIMA- 4(3), March.-2013.

09

0.8

07

0.6

04

03

02

01

09

0.8

o7

0.6

04

0.3

02

0.1

1.45

Nux

Figl7: Effect of A on Nusselt Number for different values

of Sc

e
r e
//f/;
g wE
=
L //; —
,‘///‘/
L v — —Sc=05
///// —-—-5c=1
L Vi —-—-Sc=15
v ——Sc=2
A —#+—Sc=25
Iy
e
4

25 3 35 4 4.5

A

© 2013, IIMA. All Rights Reserved

07

06

05F

04r

Nux

03r
02

0p

35 4 45 5

Figl18: Effect of A on Nusselt Number for various values

of y

09

0.8

07

06

Nux

05

04

03

02

4

01
0

A

35 4 45 5

Fig19: Effect of A on Nusselt Number for various values

of Q

Shx

06+

04

0

A

Fig20: Effect of A on Sherwood number for various values

of Sc

07

Fig21: Effect of A on Sherwood number for various values

of y

225



R. Bhuvana vijayal, B. Mallikarjunal* and D. R. V. Prasada Raoz/ Finite element analysis of convective heat and mass transfer
flow over a stretching sheet... / IIMA- 4(3), March.-2013.

0.75

07k B
0651
0.6

2=
=
(5]

0551

051

0451

04

L L L L L L L L L
0 05 1 15 2 25 3 35 4 45 5
A

Fig22: Effect of A on Sherwood number for various values of Q;

increase in Sc is to decrease the concentration distribution. Physically, the increase of Sc means decrease in the
molecular diffusivity which results in a decrease of concentration boundary layer. Hence the concentration is large for
smaller values of Sc and lesser for higher values of Sc. Fig-(13) represent C with N. It is found that the concentration
depreciates with N>0 when the buoyancy forces act in the same direction and for the forces acting in the opposite
direction it enhances in the entire flow region. Fig-(14) represents C with chemical reaction parameter v. It is found that
the concentration distribution enhances in the degenerating chemical reaction case and depreciates in the generating
chemical reaction case. Fig-(15) represents C with Q;. The concentration depreciates with increase in Q, in the flow
region. Fig-(16) represents C with Soret parameter Sr. It is found that an increase in Sr depreciates the concentration
distribution in the region 0<n <4 and enhances far away from the boundary.

The rate of heat transfer at n =0 is shown in figures (17)-(19) for different values of Sc, y and Q;. The variation of Nu
with Schmidt number Sc is shown in fig-(17). It is found that an increase in Sc results an enhancement in the rate of
heat transfer at n =0. The variation of Nu with chemical reaction parameter y is shown in fig-(18). An increase in y
results in depreciation in the rate of heat transfer at n=0 fixing the other parameter. We notice that the depreciation in
Nu reduces as we move from the surface of the stretching sheet. From fig-(19) we notice that an increase in the
radiation absorption parameter Q; is to decrease the rate of heat transfer at n =0.

Figures (20)-(22) represents the Sherwood number (Sh) at the surface of stretching sheet at n=0. Fig-(20) represents the
Sherwood number Sh with Schmidt number Sc. It is found that lesser the molecular diffusivity larger the rate of mass
transfer at the wall. The variation of Sh with chemical reaction parameter vy is exhibited in fig-(21). From this analysis
we conclude that the rate of mass transfer at the wall n=0 depreciates with increase in y. Fig-(22) represents the
Sherwood number Sh with radiation absorption Q;. An increase in radiation absorption parameter Q; results in an
enhancement in the rate of mass transfer at n=0. As Q; increases the enhancement in Sh depreciates with higher values

of Q..
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