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Abstract: The double-diffusive convection MHD flow of a sedograde fluid with a convective surface boundary
condition in the presence of elastic deformatiom jporous medium with Soret and chemical reacticer a
stretching sheet are investigat@the particular attraction lies in searching theef§ of a second grade fluid
parameter, elastic deformation, chemical reactiarameter and the diffusion thermo on the flohe
governing nonlinear partial differential equatidos the flow, heat and mass transfer are transfdrim® a
set of coupled nonlinear ordinary differential eipras by using similarity variable, which are salve
numerically by applying Runge—Kutta fourth—fifth order integration eafie in association with quasilinear
shooting technique. The novel results for the disi@mess velocity, temperature, concentration &played
graphically for various parameters that charactetize flow. The local skin friction, Nusselt numtserd
Sherwood number are shown graphically.

Keywords: Double-diffusive MHD flow, second grade fluid, W®nian heating.

Introduction applications. Specific examples of such flows odnouhe

In many natural and technological processes, tesmtyer extrusion process, glass fiber and paper production
and mass or concentration diffusion act togetharé¢ate rolling, wire drawing, electronic chips, crystalogring,

a buoyancy force which drives the fluid and thiknswn plastic manufactures, and aerodynamic extrusion of
as double-diffusive convection, or combined heatl an plastic sheets. An extensive literature is avadabir
mass concentration transfer convection. In oceapdyr, boundary layer flows induced by a stretching ski8atgh
convection processes involve thermal and salinity and Sharma, 2009).

gradients and this is referred to as thermohaline A variety of constitutive equations have been sstggkto
convection, whilst surface gradients of the tempeea predict the behavior of non-Newtonian fluids in uistry
and the solute concentration are referred to asaiMpmi and engineering. Amongst these non-Newtonian fluids
convection. The term double-diffusive convectiomaswv there is one simplest model of differential typaidb
widely accepted for all processes which involve which is known as second grade fluid (Asglearal.,
simultaneous thermal and concentration (solutaljlignts 2009). This model can describe the normal strefestef
and provides an explanation for a number of natural even in steady flows. Convection flow has further
phenomena. Because of the coupling between thd flui practical engineering applications such as coolofg
velocity field and the diffusive (thermal and polymer films and metallic plates on conveyers. Rdge
concentration) fields, double-diffusive convectisrmore Yaoet al. (2011) discussed the flow and heat transfer in a
complex than the convective flow which is assodate viscous fluid flow over a stretching/shrinking sheéth
with a single diffusive scalar, and much different convective boundary conditions.

behaviour may be expected. Such double-diffusive The second grade fluid model is the simplest subaas
processes occur in many fields, including chemical viscoelastic fluid for which one can reasonably hope
engineering (drying, cleaning operations, evapomati  obtain the analytic solution. Even though considiera
condensation, sublimation, deposition of thin films progress has been made in our understanding dfave
energy phenomena, more works are needed to understand the
storage in solar ponds, roll-over in storage tanks effects of the various parameters involved in thm-n
containing liquefied natural gas, solution mininfysalt Newtonian models and the formulation of an accurate
caverns for crude oil storage, casting of metadyalland method of analysis for anybody shapes of engingerin

photosynthesis), solid-state physics (solidificatiof significance. Also, the boundary layer concept fochs
binary alloy and crystal growth), oceanography (mgl fluids is of special importance because of its @agilbn to
and cooling near ice surfaces, sea water intrugitm many practical problems, among which we cite the

freshwater lakes and the formation of layered durooar possibility of reducing frictional drag on the fbf ships
structures during crystallization of igneous intons in and submarines. Furthermore, thermal radiationcesfe
the Earth's crust), geophysics (dispersion of disso and MHD flow problems have assumed an increasing
materials or particulate matter in flows), etc. fear importance at a fundamental fabrication level.
understanding of the nature of the interaction betw  Specifically, such flows occurs in electrical power
thermal and mass or concentration buoyancy forces a generation, astrophysical flows, solar power teatmol
necessary in order to control these processes. Manyspace vehicle re-entry and other industrial arBagated
researchers (Raptes al., 2004; Hayatt al., 2007; Ishak, studies regarding the thermal radiation of a graydf
2010; Aziz, 2009, 2010) have shown interest in mece have been made in the references.

years for obtaining self-similar solutions of boangd Hayat and Abbas (2008) examined the heat transfer
layer flows with thermal and/or mass diffusion. analysis on the MHD flow of a second grade fluid in a
The boundary layer flows and heat transfer over achannel with porous medium. Haytal. (2007) studied
stretching sheet are quite useful in the engingerin the influence of thermal radiation on MHD flow of a
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second grade fluid. Hayat al. (2007) investigated the
MHD flow of a second grade fluid in a porous channel.
Olanrewaju and Abbas (2014) considered

porous medium with thermal
deformation under the effect of magnetic field. The
the inclusion of the effect of mass diffusion to theisting

radiation and elastic

corrigendum to convection heat and mass transfem in equations make this research work as a pioneerimg i
hydromagnetic flow of a second grade fluid in the second grade fluid which no researchers have ceresid

presence of thermal radiation and thermal diffusibine
researcher pointed out several errors in Olajuvaiil)
work and numerical solutions of the problem were
provided with interpretations of the physical paetens to
give further insight into the problem.

Hayatet al. (2011)investigated Flow of a second grade
fluid with convective boundary conditions. Abdet al.
(2013) studied Slip Effects on the Flow of a Sec@ndde
Fluid in a Varying Width Channel with Application to
Stenosed Artery. Singh and Agarwal (2012) examined
heat transfer in a second grade fluid over an esipiialy
stretching sheet through porous Medium with thermal
radiation and elastic Deformation under the effe€t
magnetic field. Baris (2003) discussed the flow aof
Second-Grade Visco-Elastic Fluid in a Porous Coringrg
Channel.

It may be remarked that earlier studies did noluithe the

transfer

it before to the best of our knowledge.

M athematical For mulation

A two dimensional laminar flow of an incompressible
electrically conduction MHD viscoelastic liquid eluo
stretching sheet through porous medium of permigabil
k; is considered with heat transfer when the fluidams
stationary. The sheet

is stretched with a velocity
U, (X)=bx where b is a real number. The constant mass
velocity is denoted by
v,, withv,, >0 forinjectiorandv,, <0 forsuctior we

choose x-axis along the stretching surface andis/-ax
perpendicular to the x-axis. The present flow
consideration of second grade fluid is governedthsy

following expressions:

effect of mass diffusion. However, in many real hdary ou " ov -0
layer flows, the flow, and heat transfer and maffasion a_ ATV (1)
are always coupled. The above study is motivatethby X ay
above referenced work. In particular, Singh and nivgh
(2012) who discussed the heat transfer in a segoae
fluid over an exponentially stretching sheet thitoug
ou ou_ 0°u  a,(dudu 0°u  ouad’v 4% BZ
U—+Vv—=u_——+-L ———+u otV [T 0 U U e )
ox oy oy p | 0x dy oxay- 0y oy oy P "
2
aT aT 0°T au aad
U—+V—=a—+ ) ~a% +i(T -T.)
ox oy oy dOy) POy pC, T, 3)
a,|dud( du,B OJdu
—l— ] uU—+V—
p |0y dy\ ox oy
u§+v£: 02C+ Dka ﬂ_R*(C_C ) ............ (4) =u,(x)=bx, v=v,, —k?’l:h(T—T,),C:QN aty=0
ox  ay ay*  Tm ay? ” o 4
Where u and v denote the velocity components in the x- Y=% 50 T-T.. C-C. ay-e
and y-direction,g, is the second grade paramefér, is.....(5) _ N _
the coefficient of elastic deformation termj/ ieth Here k is the thermal conductivity of the fluid, the
viscosity coefficient,{ is the kinematic viscosity,, is convective heat transfer coefficien¥, - the walkthe
the electrical conductivity, 0 s the density of tihed, transfer velocity, and '|'f _ the convective fluid

a' s the thermal diffusivity,Cp is the specific hest

constant temperature , T is the fluid temperaturis, the
kinematics viscosity of the fluidQ is the heat release per
unit per massg is the gravitational accelerationy, is

the radiative heat flux, s coefficient of the chemical
reaction parameter, and Dm is the coefficient ofssna
diffusivity, respectively.

The appropriate boundary conditions are considier¢ie
following forms:

temperature below the moving sheet.
The radiative heat flux ,qis described by Roseland
approximation such that

Qo _to T
' 3K oy’

where 0 and K are the Stefan-Boltzmann constant

and the mean absorption coefficient, respectively.
Following Olanrewaju and Abbas (2014), we assuna¢ th
the temperature differences within the flow are
sufficiently small so that the“Tcan be expressed as a
linear function after using Taylor series to expaft
about the free stream temperature and neglecting
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higher-order terms. This result is the following
approximation:

T =4T°T-31% . )

Using (5) and (6) in (3), we obtain

dq, _ 160 0°T* .

ay 3K 6y2 T

In order to obtain the similarity solution of thesearch
problem, the following non-dimensional variablese ar
introduced as follows
...(9)
_ ' __ _ w c-C, _ a
u=axt'(7), v=-vavt(y), o=1 1 c,—cm"’"y\ﬁ

where prime symbol denotes differentiation with respect
to  andRe, =U,X/v is the local Reynolds number. Egs.
(1) — (9) reduce to;
it -2 +K(FF - 172 1Y) ~(M, +P)'=0

...(10)

T-T

,C=

(1+R)E +Prfd +PrEd " +PrAg-PrEcKS{ 12 ~ ff 17}=0

Satisfying the conditions

f=Ss, f’:g:az, 6'=-y[1-6(0)],9=0, at =0

f'=0, f"=0, 8=0, @g=0atf-w

....(13)
Where
aa ;
K =21% is the second grade parameter
yoll]
By
M, =—> is the magnetic field parameter
0a
p:l is the porosity material parameter
ka
przﬂ is the Prandtl Number
a
Eo= pax®  is the Eckert number
2
d_lK:Jala is the product of the elastic deformation
pU
and the second grade parameters
3
:% is the thermal radiation parameter
3ma
A= Q is the internal heat generation

e, a

=—— is the Schmitz number
Dm
S = Drmk; @ is the Soret number
uim { C, -C,
{:E is the chemical reaction parameter
a

Again, S is the suction arg ) is the boundary comnstan

Method of Solution

The coupled non-linear equations (8), (13) and (&

the boundary conditions in Eg. (17) are solved
numerically using the classical Runge-Kutta metingith

a shooting technique and implemented on Maple (Heck
2003). The step size 0.001 is used to obtain tineenical
solution with seven-decimal place accuracy as the
criterion of convergence.

Now, we convert the boundary value problem to dtiain
value problem by making the following assumption.

Let

X1 n
X2 f
X3 f'
X4 L (18)
X5(=|f"
X6 o
X7 g
X8 @
X9 ¢
Satisfying the initial conditions
X1(0) 0 0
X 2(0) f (0) S
X 3(0) f'(0) a,
X 4(0) f*(0) 3
X50) |= | f m 0) = |, | (29)
X 6(0) 6(0) r
X 7(0) &' (0) T,
X 8(0) #(0) 0
x90)) \#0) T,

We differentiate equation (18) with respect’jo oider to have the following systems of equations
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X1 1 1

X2 ' X3

wal Linllxe (20)
X4' f"" | | X5

X5 [= | £ |=| X5+ X2X4+ X3? + K(X3X5- X4?)- (Mn + P)X3/KX 2

xe'| |6 | |x7

X7'| |8 | | PrEcKd,(X3X 42 - X 2X 4X5)- PrAX 6- PrEcX4? —PrX 2X 7/1+R

X8 ¢ X9

X9') @' ) | scyx8-sos((PrEcK S, (X 3X 4% - X 2X 4X5)~ Pr AX 6-PrEcX 42 — Pr X 2X 7)/1+ R)- ScX 2X9

Eqg. 20 is solved using Runge-Kutta Gill methods rafeo four with shooting integration technique dgiig eq. 19. We
implemented computer program on Maple that genethtetable results and graphs representing tlaareder analysis.

Results and Discussion surface boundary condition parameter called Biot lmerm
Numerical calculations have carried out for diffare increases, the wall temperature decreases from2600,
values of the thermophysical parameters controltimg and 1.5. We have also observed that as the por@sityd
fluid dynamics in the flow regime. Eq. (20) satisfy eq. the magnetic field M parameters increases, the skin-
(19) was solved by using the classical Runge-Kutta friction increases while the heat and mass trareféhe
method of order four alongside with the Shooting wall decreases. From the table, we also obsenadath
technique. the radiation parameter R increases, the heat arsd ma
In the Table 1, the Numerical values of the skiotion, transfer increases. Infact, we can say that radfiati
the local Nusselt number and the Sherwood numbrer fo parameter enhances the heat and mass transferaalih

the flow parameters when S = 0.5, Pr = 0.72, andElastic deformation paramete§, has influence on the
a, = 0.5were discussed. The effects of the second peat and mass transfer at the surface. From thy,siu
grade fluid parameter K was discussed while other was observed that as this so called parameterasese
controlling fluid parameters were kept constant the heat and mass transfer also increases steadily.
(parameter analysis). It is interesting to note this Similarly, as the Schmidt number Sc and Soret nurSbe
junction that as the second grade parameter K ases increases, the mass transfer at the wall alsoasese In
the skin-friction, Nusselt number (heat transfer tla another word, we say the so called parameters eehan
surface) and the Sherwood number (mass transfdreat the rate of mass transfer at the wall. Finally, ¢themical
surface) increases_. It implies that the second egrad reaction parametef has a greater influence oretieeof
parameter enhancing the heat and mass transffheat ' mass transfer at the wall. It was a reverse infieeas
surface. It was also noted that as the Newtonianirig against the Schmidt number and the Soret number.
parametely/ , internal heat generatich  and the Eckertincreasing the chemical reaction parameter, the ot
number Ec increases, the heat and mass transtieat Mass transfer at the wall decreases greatly.

surface decreases. It was observed that as thecibres

Table 1. Numerical values of the skin-friction, the local Nusselt number and the Sherwood number for the flow
parameterswhen S=05,Pr=0.72,andg , = 0.5 .

K ¥V E P M, R A 6, s s & f"(0) -6'(0) ¢'(0) 6(0)
01 01 02 02 05 05 05 02 062 02 01 -064303.80985 0.14914  5.99999
0.2 -0.60831 1.87987 0.15577  6.00000
03 -0.57971  1.94495 0.16182  5.99999
02 01 02 02 05 05 05 02 062 02 01 -0.608311.87987 0.15577  6.00000
05 -0.60831 0.61778 0.05087  2.00000
1.0 -0.60831  0.46002 0.03776  1.50000
02 01 00 02 05 05 05 02 062 02 01 -0608311.89312 015734  5.99999
0.2 -0.60831  1.87987 0.15577  6.00000

05 -0.60831  1.85999 015341  5.99999

02 01 02 02 05 05 05 02 062 02 01 -0.608311.87987 0.15577  6.00000
07 -0.69517  1.71997 0.14045  6.00000

1.0 -0.74093  1.65190 0.13367  5.99999

02 01 02 02 0505 05 02 062 02 01 -0.60831 1.87987 0.15577  6.00000
1.0 -0.69517  1.71997 0.14045  6.00000

2.0 -0.83518  1.53552 0.12164  6.00000

02 01 02 02 05 0505 02 062 02 01 -0.60831 1.87987 0.15577  6.00000
1.0 -0.60831 3.12916 030341  5.99999

2.0 -0.60831 14.68627 167809  6.00000

02 01 02 02 05 05 05 02 062 02 01 -060831 1.87987 0.15577  6.00000
1.0 -0.60831 14.74897 150859 599999

15 -0.60831  0.70485 -0.18046  5.99999

02 01 02 02 05 05 05 02 062 02 01 -0.60831 1.87987 0.15577  6.00000
0.4 -0.60831 1.88048 0.15584  5.99999

06 -060831  1.88110 0.15591  5.99999

02 01 02 02 05 05 05 02 06202 01 -0.60831 1.87987 0.15577  6.00000
1.00 -0.60831 1.88110 0.23245  5.99999

1.50 -0.60831  1.88110 0.32114  6.00000

..............................................................
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02 01 02 02 05 05 05 0.2 0.62 0.20.1 -0.60831 1.87987 0.15577 6.00000
0.3 -0.60831 1.88110 0.23387 6.00000

0.5 -0.60831 1.88110 0.38979 5.99999

02 01 02 02 05 05 05 0.2 0.62 0.2 0.1-0.60831 1.87987 0.15577 6.00000
0.4 -0.60831 1.88110 0.05739 5.99999

1.0 -0.60831 1.88110 0.00068 5.99999

Fig. 1 describes the effects of the second gradengeter
K on the velocity distribution across the channdlile

other controlling flu

d naramotore ar

> kept constiirwas

noted that as K i
thickness thickens|
depicts the graph

——K=0.1
00000 K =2.0

+++++ K=5.0

locity boundarerlay
undary layer. Big.
e agafpist  dapus

values of second

graue—parameter K with other fluid

8(

parameters kept constants. We noticed that as this

parameter increases, the thermal boundary layekrtass
decreases across the flow channel. Fig. 3 repredhat
effects of second grade parameter K on the coratéir

distribution. It was noted that as the second grade

parameter increases, the concentration boundargr lay
decreases close to the wall plate and away fronwtide
plate. Fig. 4 depicts the influence of the magnéatd
parameter M on the velocity boundary layer thickness
and it was discovered that this parameter step dinen
rate of flow and directly decreasing the velocibuhdary
layer thickness. Fig. 5 represents the effects arbgity
parameter P on the velocity boundary layer thicknes
Similar effect was established with Fig. 4. Inciegshe
porosity values will decrease the velocity boundager
thickness across the boundary. Fig. 6 depicts dineecof
temperature against spanwise coordinte for varyin

values of porosity parameter P and fixed valuestbér
controlling fluid parameters. It is interestingriote from
the figure that there were sudden jump from poiat the
wall before decreasing to satisfy the boundary @@rd
It is noted that increasing this parameter thickéms
thermal boundary layer thickness across the floanokel.

——K=0.1
00000 K=2.0

+++++ K=5.0

+4

+ 4

0000 onnitikus
7

2
6 8

v

10
n

Fig. 1: Velocity distribution for various values of K when
y=01, Ec = 02, P = 0.2, Mn = 0.5, R = 0.5,

A=05,0,=02,sc =062 Sr=02, S =05, Pr=
0.72,6=01a,=05

Fig. 2: Temperature distribution for various valuesK
wheny=0.1, Ec = 0.2, P = 0.2, Mn = 0.5, R = 0.5,

A=05 0,=02,sc =062 Sr=02 S=05 Pr=
072,{=01a,=05

—K=0.1

00000 K=2.0

0.10 °

0.08 ° +++++ K=5.0

) 0.06

0.04 A
0.02

0 T T T
2 4 6

n
Fig. 3: Concentration distribution for various vaduef K
wheny=0.1, Ec = 0.2, P = 0.2, Mn = 0.5, R = 0.5,

A=05 6,=02,sc =062 Sr=02 S=05 Pr=
072,{=01a,=05

g‘"+2232910
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03
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£'tw

Fig. 7 represents graph of temperature distributidi

spanwise coordinafg

for different

values of radiati

parameter R. From this Figure, it is seen that hieental
boundary layer thickness decreases across thenfijpwi

channel. Fig. 8 depi
the thermal boundar|
thermophysical par
sudden jump close

——Mn=0.5
00000 Mn = 2.4

+++++ Mn = 4.0

Eckert nunfitieon
fixing the raiming
teresting toenat
b before reductong

satisfy the boundary conamions. Tncreasing the efick
number thickens the thermal boundary layer thicknes
across the flow channel. It is also interestingade that

atr) >4 , the reverse was the case towards negative
temperature. Figure 9 represents the influence ckeE
number Ec on the concentration distribution. It is
interesting to note that as this parameter inceease

0 <17 <3, it decreases the concentration boundary

layer thickness but ##>3 , the concentration boundary

layer thickness increases. Careful section of this
parameter is highly needed by the design engin&dgs.
10 represents the effects of the internal heat rgépna

0.1+

f .4
5 6

Fig. 4: Velocity distribution for various values &fn
wheny=0.1, Ec = 0.2, P = 0.2, K = 0.2, R = 0.5,

A=05,0,=02,sc =062 Sr=02 S=05 Pr=
0.72,6=01a,=05

03 A on the thermal boundary layer boundary. It is
interesting to note that wherd = 2, there was a sndd
jump close to the wall plate. Similarly, as we gase this
internal heat generation parameter, the thermahdany
layer thickness thickened.
—P=02

00000 P =2.0

0.2+

'

+++++ P = 4.0

—R=01
8¢ 2
0 Y " = - ” + 00000 R =0.3
0 1 2 3] 4 5 6 + +++++ R =06
Fig. 5: Velocity distribution for various values Bfwhen "
y=0.1, Ec = 02, Mn = 05, K = 0.2, R = 0.5,
A=05 0,=02,sc =062 Sr=02, S =05, Pr= ° A : M 4
] ARPRNE 5
0.72,6=01a,=05 1 S

sty + +
o +, + +

Fig. 7: Temperature distribution for various valuEsR
wheny=0.1, Ec = 0.2, Mn = 0.5, K= 0.2, P = 0.2,

+ +
+' goo000, +
© o

A=05,0,=02,sc =062 Sr=02 S=05 Pr=
072,6=01a,=05

8

——P=02
00000 P =2.0

+++++ P = 4.0

1] T T T T T
0 1 2 3 4 5

n
Fig. 6: Temperature distribution for various valugsP
wheny=0.1, Ec = 0.2, Mn = 0.5, K = 0.2, R = 0.5,

O

A=05,0,=02,sc =062 Sr=02 S=05 Pr=
072,{=01a,=05
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Ec =04, 0,=0.2,5¢=0.62,Sr=0.2,S=0.5, Pr=
072,{=01a,=05

Fig. 11 describes the = Ec=2 Jastic deftion

parameterd, on the te ution while@x
. . 00000 Ec =50 ;
other controlling fluid p 5 the clenhis

noted that as the g *+****EC=10Qses the thermal
boundary layer thickness decreases. This parametsr
clearly selected in other to notice the differenicethe
effect on the temperature distribution. Fig. 12respnts
the effects of suction parameter S on the velocity
" 5 distribution. It established the known fact frometh
ot literature that suction reduces the rate of flowickhh
Tt resulted in the decreasing the velocity boundagerlia
Fig. 8: Temperature distribution for various valugsEc flow.

wheny=0.1, R = 0.1, Mn = 05, K =0.2, P = 0.2,
A=05 0,=02,sc =062 Sr=02 S=05 Pr=

L)

072,{=01a,=05
51 =1
3:: 0000051 =70
0.10 +o
& ettt 51 =15 8w
0.05—- 4
0 ? :
4 T T T
o n \Q{(y 6 8 10
+ 4 n +
0054 ° TR pe23?
o> °* -1 ——Fc=2
oo Fig. 11: Temperature dist| 50000 Ec = 50 S Va@lwé
-0.10 1 . 61 wheny = 0.1 ,R=0.] +++++Ec=100.2, P =0.2,
Ec =04, 1=05,Sc=0625r=025=05,Pr=

Fig. 9: Concentration distribution for various veduof Ec when =0 _
=01}a,=05
y=01,R=01Mn=05K=02 P=02=05 072.¢=01a,

0,=02,sc = 062, St = 02, S = 05 Pr= 072 031
£=01a,=05
FER RS Y 02
NG — 1 =01 —>S=01
\ . £ ° 00000 S =20
° + oooooﬂ =0.15 +o
° . +++++ S= 8.0
° + 014 Lo
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80
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n
Fig. 12: Velocity distribution for various value ® when

y=01, R = 01, Mn = 05, K = 02, P = 0.2,
Ec =04, 1=05,Sc =062 Sr=020;, =02 Pr
=0.72,§=01,a,=05

Fig. 10: Temperature distribution for various valwd A
wheny=0.1 ,R=0.1, Mn=0.5,K=0.2, P =0.2,
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Fig. 13 represents the curve of temperature against
spanwise coordinaté) for varying values of conwecti

surface boundary condition parameter (Biot numper)

and fixed values of § ——} =0.1 [uid paraerst It is
noted that as the _ _ lreases, the thermal
boundary layer thickl °°°%°7  =09Fig 14 repetee
effect of Soret numll ,,,,, 5 -5 ¢ [icentration daon
layer thickness. It isTmETEST.Tg 10 Note thattlees Soret

number increases, the concentration boundary layer
thickness decreases along negative direction amddses
along positive values of the concentration profifey. 15
depicts the plot of concentration distribution with
spanwise coordinafg for different values of chemica

parameter ¢ for fixed controlling fluid

parameters. It is noted that as the chemical @acti
parameter increases, the concentration boundargr lay
thickness decreases across the flow channel.

reaction

Conclusions

The double-diffusive convection MHD flow of a sedon
grade fluid with a convective surface boundary dtowl
in the presence of elastic deformati——5—55 i
with Soret and chemical reaction
were studied numerically. The
modelled through the non-linea
approximation, which produces ong
parameter. The present study reveals that thismmiea
influences velocity temperature and concentratield$
significantly. The effects of various physical paeters
on fluid flow, heat and mass transfer phenomenae hav
been studied. Finally we arrived at the followingjor
findings:

0000Gsr = 0.

+++++Sr= 0.2

® The velocity distribution boundary layer thickness
thickens across the boundary as the second grade
parameter K increases while the temperature and
concentration boundary layer thickness decreases.
Similarly, the skin-friction coefficient, the heat
transfer and the mass transfer rate increases as K
increases.

® The velocity profile decreases as the magnetid fiel
Mn and porosity parameters increases while the
thermal boundary layer thickness increases.
Similarly, the heat and mass transfer rate decsease
as both parameters increases across the channel.

®* The thermal boundary layer thickness thickens as

the internal heat generation’1 and the elastic

deformation 51 parameters increases while the heat

and mass transfer rate increases as the elastic
deformation parameter increases.

®* The Biot number ) representing cooling effect.

The rate of heat transfer at the surface increases
this parameter increases while the thermal boundary
layer thickness decreases.

®* The concentration distribution boundary layer
thickness decreases as the Soret number Sr and the

chemical reaction parametér  increases.

® ltis interesting to note that carefully selectumfrthe
controlling fluid parameters are needed to get a
desirable fluid flow model. The elastic deformation
parameter were carefully selected before the effect
can be seen or felt on the thermal boundary layer
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thickness which invariably increases the heat heat generatiorint. J. Appl. Maths & Mech., 8(8):

transfer rate at the surface. 1-21.

Ishak A 2010. Similarity solutions for flow and hea
transfer over a permeable surface with convective

®* This model will serve as a benchmark on double-
diffusive convection MHD flow on a second grade

fluid. boundary condition.Appl. Maths. Comput. 217:
837-842.
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