Asian Research Journal of Mathematics
2(2): 1-17, 2017; Article no.ARJOM.30764

BN

@)
)

SCIENCEDOMAIN international (g%

www.sciencedomain.org SCIENCEDOMAIN

Diffusion-thermo and Thermo-diffusion Effects on MHD Fluid

Flow over Non-linearly Stretching Sheet through a ln-Darcy
Porous Medium

Bhim Sen Kala', Madan Singh Rawaf, G. V. Ramana Reddy and Nimisha Rawaf

KL University, Guntur, Andhra Pradesh, India.
Hamwati Nandan Bahuguna Garhwal University, Srinagar Garhwal, India.

Authors’ contributions

This work was carried out in collaboration between all authétghor BSK designed the study, performed
the mathematical analysis, wrote the protocol and wrotditsedraft of the manuscript. Author MSR

managed the analyses of the study. Authors GVRR and NR manaljedahee searches.
All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/ARJOM/2017/30764
Editor(s):

(1) Nikolaos Dimitriou Bagis, Department of Inforties and Mathematics, Aristotelian University oféBsaloniki, Greece.
Reviewers:

(1) U. S. Mahabaleshwar, Government First GradéeGelfor Women, India.
(2) Jagdish Prakash, University of Botswana, Botswana.
(3) Humaira Yasmin, Majma’ah University, Saudi Arabia.
Complete Peer review Historfttp://www.sciencedomain.org/review-history/17513

Received: 28 November 2016
— . Accepted: 8 January 2017
| Original Research Article Published: 12' January 2017

Abstract

In this paper,we discuss Diffusic-thermo and Thern-diffusion effects on MHD free convecti
incompressible, Newtonian fluid flow over non linearly stretghsheet with radiation and chemigal
reaction, through a non-Darcy porous medium. By suitsibhdarity transformations, the boundary layer
equations are transformed to ordinary differential equatidhe. method, numerical computation with
bvp4c (a MATLAB program) is used to solve these equatidie effects of Magnetic parameter,
Diffusion -thermo number and Thermo-diffusion number on vejopiofiles, heat and mass transfer,
Skin-frictions, Nusselt Number and Sherwood Number are poted, discussed and analysed

numerically and presented through tables and graphs.
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1 Introduction

Dufour (diffusion-thermo) and Soret (thermal—diffusionjeefs are significant in areas such geosciences,
hydrology and chemical engineering. The energy flux caugeddomposition gradient is called the Dufour
effect. The mass flux, created by temperature graiiesglled the Soret effect. The thermal diffusion effect
is utilized for isotope separation and in mixtures bethwgases with very light molecular weight (e.gp, H
and He) and of medium molecular weight (e.g.aNd air), and the diffusion-thermo effect is utilizedhia
study of chemical pollutants spreading into soil and mediififiesion in blood veins (Hayat, et al. [1]).

Makinde, et al. [2] analyzed numerical study of chemieadcting hydromagnetic boundary layer flow
with Soret/Dufour effects and a convective surface boundargiton.

Chand, et al. [3] analysed hydromagnetic oscillatory flowubh a porous medium bounded by two vertical
porous plates with heat source and Soret effect. Sharnad, [é] studied the Soret and Dufour effects on
unsteady MHD mixed convection flow past an infinite rast@trertical porous plate embedded in a porous
medium in the presence of chemical reaction.

Motsa, et al. [5] analyzed the problem of magneto-hydrodim#md flow past a nonlinear stretching sheet
in the presence of a transverse magnetic field by anieffi semi-analytical technique. Vasu, et al. [6]
studied thermo-diffusion and diffusion-thermo effects on Mife® convective heat and mass transfer from
a sphere embedded in a non-Darcy porous medium.

Abbasbandy, et al. [7] studied an approximate solutfathe MHD flow over a non-linear stretching sheet
by rational chebyshev collocation method. Hayat, et al. qtlidied Soret and Dufour effects on
magnetohydrodynamic (MHD) flow of casson fluid over atstred surface.

Prakash, et al. [8] investigated Dufour effects on wttehydromagnetic radiative fluid flow past an
impulsively started infinite vertical plate with variablentperature and uniform mass diffusion in the
presence of transverse applied magnetic field through pamadium. Awad, et al. [9] investigated the
thermo-diffusion effects on magneto-nanofluid flow over eetehing sheet including the effects of
Brownian motion and cross-diffusion.

Ahmed, et al. [10] discussed the Finite difference smtutdf MHD mixed convection flow with heat
generation and chemical reaction including the effect df ¢daient and thermal radiation.

Srinivasacharya, et al. [11] analysed the free convectiddAHD micropolar fluid in the presence of Soret
and Dufour effects. Gururaj, A. et al. [12] analysed the nealirMHD boundary layer flow of a liquid
metal with heat transfer over a porous stretching serféth nonlinear radiation effects.

Sarma, et al. [13] analysed the numerical study of M@ fronvection heat and mass transfer from vertical
surfaces in porous media considering Soret and Dufourtgffec

Gangadhar [14] analysed the Soret and Dufour effects oro hydgnetic heat and mass transfer over a
vertical plate with a convective surface boundary dioriand chemical reaction.

Mahbub, et al. [15] investigated the Soret-Dufour effeots the MHD flow and heat transfer of
microrotation fluid over a nonlinear stretching plate in fresence of suction. Chand, et al. [16]
investigated the MHD heat and mass transfer for visdousdver nonlinearly stretching sheet in a porous
medium.

Ibrahim [17] discussed the effects of chemical reaction ssigtive radiative MHD flow through a porous
medium over a nonisothermal stretching sheet. Rashidi, €8] discussed the homotopy semi-numerical
simulation of Soret and Dufour effects on magneto-coimmedieat and mass transfer from a transpiring
stretching surface.
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Yasmin, et al. [19] discussed the diffusion-thermo andrhédiffusion effects on MHD visco-elastic fluid
flow over a vertical plate. Usman, et al. [20] studikd effect of thermal conductivity on MHD heat and
mass transfer flow past an infinite vertical platehvBoret and Dufour effects.

Haile, et al. [21] discussed the heat and mass trarsfaugh a porous media of MHD flow of nanofluids
with thermal radiation, viscous dissipation and chemicattiema effects. Sengupta, et al. [22] studied the
MHD free convective chemically reactive flow of a disgive fluid with thermal diffusion, fluctuating wall
temperature and concentrations in velocity slip regime.

Sharma, et al. [23] discussed the influence of chemicatioma heat source, Soret and Dufour effects on
separation of a binary fluid mixture in MHD natural convetiflow in porous media. Pal, et al. [24]
discussed Soret-Dufour effects on hydromagnetic non-Davoyective-radiative heat and mass transfer
over a stretching sheet in porous medium with viscouspditsh and ohmic heating.

Yasmin, et al. [25] discussed the diffusion-thermo andnhédiffusion effects on MHD visco-elastic fluid
flow over a vertical plate. Animasaun, et al. [26] disagsthe effect of variable viscosity, Dufour, Soret and
thermal conductivity on free convective heat and mass traosfeon-Darcian flow past porous flat surface.
Ishak, et al. [27] discussed hydromagnetic flow and maaster adjacent to a stretching vertical sheet. Chen
[28] discussed laminar mixed convection adjacent to \&rtientinuously stretching sheets.

The work is bases dpal, et al. [24].

In the above work study of Soret and Dufour effects on Mi¢B convective Newtonian fluid flow through
a non-Darcy porous medium over nonlinearly stretching sheetre stretching velocity of sheet varies
nonlinearly with distance from the origin, and temperatanel concentration vary nonlinearly in the
boundary layer region, using bvp4c is not discussed.

Present problem deals with the study of Soret and Dufdectefon MHD free convective Newtonian fluid
flow over nonlinearly stretching sheet, through a non Damrpus medium, where stretching velocity of the
sheet varies nonlinearly with distance from the origin, @mdperature and concentration at the surface of
the sheet, vary nonlinearly in the boundary layer region usipgc.

2 Formulation of Problem

We consider Newtonian fluid which is viscous, incompressibhd electrically conducting and without
phase change. Fluid is steady, two-dimensional lamingr fnée convection boundary layer flow. It is in
saturated non-Darcy porous medium. It is caused by norinetietching surface (by two equal and
opposite forces keeping origin unaltered) placed at theorhotdf the porous medium. In Cartesian
coordinate system theaxis is along the direction of the stretching surfacdy-axis is normal to it (Fig. 1).
The stretching velocity varies nonlinearly with the diseafiom the origin. A uniform magnetic field of
strengthB is applied normal to sheet. Surface temperature aftibet is assumed &$>T.,, whereT . is the
uniform temperature of the ambient fluid. There existdmdgeneous chemical reaction between the fluid
and species concentration. The flow along the sheet (abtitrdaice of solid and liquid, solid particles, A
dissolve in the liquid B) contains a species A slightiuble in the fluid B, the concentration at the sheet

surface is ¢ and the solubility of A in B far away from the sheeCis.

In porous medium for low velocity, Darcy law is used, fisgh velocity Forchheimer law is used, and for
viscous nature of the fluid, Brinkman law is used imnmentum equation.

It is assumed that the induced magnetic field, the exteslealric field and the electric field due to the
polarization of charges are negligible in comparisorh applied magnetic field and so Hall effects and
Joule heating are neglected.



Kala et al.; ARJOM, 2(2): 1-17, 2017; Article no.2BM.30764

It is assumed that heat and mass transfer possesspeesiemce of thermal radiation, Soret and Dufour
effects. Under these assumptions, the governing ObeBestrsque approximation (following Pal D,
et al. [24]) for boundary layer equations for the momentweat bnd mass transfer are as follows.

Porous medium

< (o]

v

Stretching Sheet

Fig. 1. Physical model and coordinate system

The equation of continuity:

@+6_U:0 (1)

ox oy

The Equation of Momentum:

U—+U—=V—- - u-Su-—=2u 2)

The equation of Energy:

oT _ 0T _ 9T D,K;9?C_ 1 dq

U—+0—=0a0—; 5 3)
0X oy gy C,C, oy pC, dy
The equation of Mass:
2 2
09C 1y op 9°C DuKi 0T | (o ) @

ox ay  Mayr T oy

m

where x and y are Cartesian coordinates along the strgtsheet and normal to it, respectively. u and v are
the velocity components along the x-axis and y-axes. T i®thpdrature of the fluid, C is the concentration
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of the fluid, K is the permeability of the porous medjt@q, is specific heat capacit(c;S is concentration

susceptibility, B is magnetic field, arﬁb is Forchheimer coefficiento, v and i are density, kinematic
viscosity and dynamic viscosity of the fluid respectjvel

Further, (pCp)is the heat capacity of the fluidy is the thermal diffusivity of the ﬂuidDm is mass

diffusion coefficient andK; is thermal diffusion ratio. The strength of magnetitdfis assumed to vary
(n-1)
spatially byB(X) = B,X 2 whereB; is constant.

It is assumed that velocity, temperature and concentratigmearlinearly in spatial coordinates with same
index in the boundary layer region.

So boundary conditions for Egs. (1)—(4) are as follows:

y=0:0=0u=u,(x)=cx",v=0,=0T=T, =T, +T, x>,
C=C,=C_ +Cx™; (5)
Yy >0o0U-> O,T —»Tw,C - Cw

where N > Ofor accelerated sheet am< O for decelerated sheet.

Rosseland approximation (following Raptis A. [29]) requitiest the media is optically dense media and
radiation travels only a short distance before beintjeseal or absorbed.

Rosseland equation which is a simplified model of Radafiransfer Equation (RTE) is adopted to account
for this effect.

The radiative heat flug, is simplified by using Rosseland approximation as

q :40* oT*
T3 oy

(6)

where 0 is the Stefan —Boltzmann constant dad is the mean absorption coefficient.

This approximation is valid at points optically far awagni the boundary surface and it is good for
intensive absorption, which is for optically thick boundaayelr. It is assumed that the temperature

difference within the flow is such that the teffi may be expressed as a linear function of temperature.
Hence, expandin'&j4 by Taylor’s series abolt,

T =T +4T2(T-T,)+6T2(T-T,)° +... ...
and then neglecting higher order terms beyond the first dag(ée— T, ) we get
T4 =4T°T 314 .
and so

q =-{40" 13 JolaT2T -31%)10y) = -l160" 13K T3(0T 1Y)
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and
6&__1607: °T %
dy 3k oy
Using equations (6) and (7), equation (3) reduces to:
3 52 2
,OCp u6l+udl _ k+160:r"° 0'I2'_'_DmKT 6C2.
0X oy 3k gy® C,C, .0y

Dimensional Analysis:We define

v {nz—“‘:jzfo(r/).n =(C(”+1)j2x2y.

+1 v
_(T-T.) _(C-C,) -9y  __0¢
) e e Ty e

Here 7 is similarity variabley is a stream functionf is non-dimensional stream functid®,is non-
dimensional Temperatureg is non-dimensional concentration, u is x -component of itglog is y-
component of velocity.

Using (9) equations (2), (8), and (4) can be written as

2n 1 1
freffr-——(f')°——| | M +— |[f+Fs(f')* |=0 10
n+1( ) n+1{( Klj o )J (0
(1+ 4Rj8"+ Pr( 1‘9‘—ﬂ f ‘Hj +Du¢g'=0 (11)
3 n+1

¢'+s{f¢—ﬂ f‘qoj+ScSr 6"~ ScK, p=0
n+1

12)
and boundary conditions (5) as
f(0)=0 f'(0)=2,6(0)=1¢(0) =1 (13)
f'7) - 0.607) - 0.¢17) - O,as77 — o
Here prime denotes differentiation with respeej to
The parameters occurring in (10) to (12) are definedlésnfs.
2 n-1
M = 20B; K1= Kc x Fs= 2C, X,Pr:K,a: k ,SC:L
o C 2v JK a PC, D,,
- Dm KT (CW_Coo)' Sr: Dm KT (TW _Too) ,V :ﬁ Kli - 2Kr _ (14)
aC,C,/(T,-T,) .v IC,-C.) Yo, (n+Ycx™*

(8)

(©)
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Du is Dufour parameter or Thermo-Diffusion paramet@rthermal diffusivity of heat in fluidK thermal
conductivity of heat in fluidPr Prandtl numberSC Schmidth numberFSForchheimer parameteM

Magnetic parameteK 1 Permeability parametell,(,' Chemical reaction rate paramet&[ Soret number
or Diffusion -Thermo parameter.

The quantities of physical interest for this problema tne Local Skin-friction @), Nusselt numberNu,),
and Sherwood Numbei$K) and the Reynold NumbeRé. These are defined as follows:

o) it
Tw ay y=0 = ay y=0

2
C,=—% = =C, =——1"(0),C :
| “2” ij | JRe uzer (15)
X(aT] X(ac]
P P)
Nu, ’ <7 = VRI'O); S, =-—— yCy:o

3 Method of Numerical Solution

The numerical solutions are obtained using the above equationsome values of the governing
parameters, namely, the Magnetic Paramét@y the Soret number (Sr),and the Dufour number(Du). Efec
of M, Sr, Du, on the steady boundary layer flow are discussddtail. The numerical computation is done

using the MATLAB in-built numerical solver bvp4c. In the qmutation we have takeff, =4, and 10,
and axis according to the clear figure-visuality.

4 Results and Discussion

To ensure the numerical accuracy, the valued'(0) by present method are compared with the results of

Ishak et al. [27], Chen [28] and D. Pal et al. [24] irb[€al without magnetic fieldM = 0), non porous
media (K1=infinity, Fs=0) and having Sc=0 and with lineathgtshing sheet (n1=1) and those are found in
excellent agreement. Thus, we are very much confidentitbgresent results are accurate.

Table 1. Comparison of the local Nusselt number— &' (0) with Ishak et al. [27], Chen [28] and
D. Pal et al. [24] for various values of Pr

M=Fs=Pr=Sc=Du=Sr=Kr'=R=0, K1=inf, n1=1

-6'(0)
Pr Ishak et al. [27] Chen [28] D. Pal et al. [24] Presémesults
1.0 1.3333 1.33334 1.333333 1.333344188017813
3.0 25097 2.50997 2.509715 2.509711475816613
10 4.7969 4.79689 4.796871 4.796362196985356

The non-dimensional linear velocify (17) , rotational velocityy(s7) , temperaturé(r7) , and concentration
¢(n7) for various values of different parameters are shown in Eigs10.
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Graph between 1 and df/dn
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Fig. 2. Velocity profile f'(7) with respect to similarity transformation /7 for some values of magnetic
parameter M

Graph between n and 6

1.2 K1=0.2;Fs=0.2;M=0.5;
Pr=0.7; Du=0.2;R=0.2;n1=0.5;
Sc=0.22 ;Kr=0.2; Sr=0.8 ;
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Fig. 3. Temperature profile 8(/7) with respect to /] for some values of magnetic parameter M

Graph between n and ¢

1.2 K1=0.2;Fs=0.2;M=0.5;
Pr=0.7; Du=0.2;R=0.2;n1=0.5;
Sc=0.22 ;Kr=0.2; Sr=0.8 ;
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Fig. 4. Concentration profile ¢X17) with respect to /] for some values of magnetic parameter M
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Graph between 1 and df/dn

1.4 T

12 K1=0.2;Fs=0.2;M=0.5;
Pr=0.7; Du=0.2;R=0.2;n1=0.5;
Sc=0.22 :Kr=0.2; Sr=0.8 ;
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Fig. 5. Velocity profile f'(7) with respect to similarity transformation /] for some values of Dufour
parameter Du

Graph between n and 6
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Du=021225,3
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Fig. 6. Temperature profile 8(/7) with respect to /] for some values of Dufour parameter Du

Graph between n and ¢

12 K1=0.2;Fs=0.2;M=0.5;
Pr=0.7; Du=0.2;R=0.2;n1=0.5;
Sc=0.22 :Kr=0.2; Sr=0.8 ;

Fig. 7. Concentration profile ¢X/7) with respect to /] for some values of Dufour parameter Du
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Graph between 1 and df/dn
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Fig. 8. Velocity profile f'(#7) with respect to similarity transformation /] for some values of Soret
parameter Sr.

Graph between n and 6
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Fig. 9. Temperature profile 8(/7) with respect to /] for some values of Soret parameter Sr.
Graph between n and ¢
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Fig. 10. Concentration profile ¢{/7) with respect to /7 for some values of Soret parameter Sr.
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Fig. 2 shows the behaviour of velocity profile for inciegsvalue of magnetic parameter M. The increasing
values of M decreases the velocity and this causes boutadger to shrink towards the wall. Thus the
increase in magnetic parameter decreases fluid velodityesults in thinning boundary layer.

Fig. 3 shows the behaviour of temperature profile for irgingavalue of magnetic parameter M. It is
observed that higher values of M increase the fluid teatper significantly and boundary layer expands
away from the wall. The explanation of this phenomenon istti@increasing M leads to an increase in
thermal diffusion and results in thickening boundary layer.

Fig. 4 shows the behaviour of concentration profile for igirgpvalues of magnetic parameter M. It is
observed that higher values of M increase the fluid cdreggon significantly and boundary layer expands
away from the wall. The explanation of this phenomenon isthigaincreasing M leads to an increase in
concentration diffusion and results in thickening boundayer.

Fig. 5 shows the behaviour of velocity profile for in@ieg value of Dufour number Du. The increasing
values of Du does not affect the fluid velocity as weNealscity boundary layer thickness.

Fig. 6 shows the behaviour of temperature profile for irgngavalue of Dufour number Du. It is observed
that higher values of Du increase the fluid temperaturefgigntly and boundary layer expands away from
the wall. The explanation of this phenomenon is that thee&sing Du leads to an increase in thermal
diffusion and results in thickening boundary layer.

Fig. 7 shows the behaviour of concentration profile for irgirepvalues of Dufour number Du. It is

observed that higher values of Du decrease the fluid coatientisignificantly and boundary layer shrinks
toward the wall. The explanation of this phenomenon is thatritreasing Du leads to a decrease in
concentration diffusion and results in thinning boundary layer.

Fig. 8 shows the behaviour of velocity profile for incregsvalue of Soret number Sr. The increasing values
of Sr do not affect the fluid velocity as well as velodiyundary layer thickness.

Fig. 9 shows the behaviour of temperature profile for sxing value Soret number Sr. It is observed that
higher values of Sr, decrease the fluid temperaturefigignily and boundary layer shrinks towards the wall.
The explanation of this phenomenon is that the increasiiga8ls to a decrease in thermal diffusion and
results in thinning boundary layer.

Fig. 10 shows the behaviour of concentration profile for emiregy values of Soret number Sr. It is observed
that higher values of Sr, increase the fluid concentratignificantly and boundary layer expands away
from the wall. The explanation of this phenomenon is thatiticeeasing Sr leads to a increase in
concentration diffusion and results in thickening boundaygrla

Table 2. Comparison of effect of Sr and M onf "(0)

K1=0.2; Fs=0.2; Pr=0.7; Du=0.2; R=0.2; n1=0.5; Sc=0.22; K0.2;

Sr m=05, f"(0) m=1.0, f "(0) m=15, f"(0)

0.0 -2.129453637589066 -2.206311687842895 -2.280583896032681
0.5 -2.12945363758906¢ -2.206311687842895 -2.280583896032681

1.0 -2.129453637589066 -2.206311687842893 -2.280583896032681
15 -2.129453637589066 -2.206311687842893 -2.280583896032681
2.C -2.12945363758906¢ -2.20631168784289: -2.280583896032681

2.5 -2.129455186461798 -2.206313699977524 -2.280585969522976
3. -2.12945370753214 -2.20631208094924¢ -2.280584213503557

3.5 -2.129453588861189 -2.206311960402409 -2.280584091911233
4.0 -2.129453535186276 -2.206311922336846 -2.280584055071427
45 -2.129457428652740 -2.206316351637782 -2.280589074535067

11
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The variations of the physical quantities of engineeinmgprtance, that is, the local Skin-friction coefficient
C; and the local Nusselt numb&iu, and the local Sherwood numb&t, for different values of, Du, and
Sr are tabulated in Tables 2 to 7.

Table 3. Comparison of effect of Sr and M on— 49'(0)

K1=0.2; Fs=0.2; Pr=0.7; Du=0.2; R=0.2; n1=0.5; Sc=0.22; Ko=2;

Sr m=05, —6'(0) M=1.0, —6'(0) m=15, —6'(0)
0.0 0.472442529888213 0.461072323592159 0.450566493344804
0.5 0.478039613444985 0.466555761136498 0.455940869977051
1.0 0.483802220334626 0.472202569610289 0.461476733757687
15 0.489738018566573 0.478020554349210 0.467181476522984
2.0 0.495855477789990 0.484017946318595 0.473063274256170
2.5 0.502163165029037 0.490203275883486 0.479130923275693
3.0 0.508670767800704 0.496586212351175 0.485393766932293
35 0.515388013386731 0.503176396860135 0.491861414964914
4.0 0.522325874992461 0.509984584780638 0.498544547477804
4.5 0.529495526524369 0.517022095143440 0.505454405589978
Table 4. Comparison of effect of Srand M on— (p'(O)

K1=0.2; Fs=0.2; Pr=0.7; Du=0.2; R=0.2; n1=0.5; Sc=0.22; Ko=2;
Sr m=05, —¢'(0) M=1.0, —¢'(0) M=1.5 - ¢'(0),
0.0 0.368294623429481 0.363992496826957 0.360044410991088
0.5 0.3301620075736( 0.3268884168002¢ 0.3238974570481¢
1.0 0.290867992858419 0.288644863023714 0.286632160734045
15 0.2503584531384¢ 0.2492082939734" 0.2481956754306:
2.0 0.208575764364092 0.208521818939670 0.208531742904141
25 0.165458483511769 0.166524647317131 0.167580250371985
3.C 0.1209408139139¢ 0.1231517084168t¢ 0.1252769285551-
3.5 0.074952941213480 0.078333949017345 0.081553468139781
4.C 0.0274198153030¢ 0.0319971373671- 0.0363364393930(
4.5 -0.021738362244118 -0.015937737287444 -0.010452312287148

Table 5. Comparison of effect of Du and M on f "(0)

K1=0.2; Fs=0.2; Pr=0.7; R=0.2; n1=0.5; Sc=0.22; Kr=0.2; Sr=0.8
Du m=05, f "(0) m=1.0, f "(0) m=15, f"(0)
0.C -2.12945363758906¢€ -2.20631168784289¢ -2.280583896032681
0.5 -2.129453637589066 -2.206311687842895 -2.280583896032681
1.0 -2.129453612672262 -2.206311904759494 -2.280584039350451
1t -2.129453544888521 -2.20631191801733¢ -2.280584091865871
2.0 -2.129454071068507 -2.206312465071568 -2.280586143756926
2.5 -2.1294547802427: -2.20631327366649! -2.28058389603268:
3.0 -2.129453637589064 -2.206311687842895 -2.280583896032681
3.5 -2.129453637591982 -2.206311687838796 -2.280583896043238
4.0 -2.129453637591982 -2.206311687838796 -2.280583896043231
4.5 -2.129453637591379 -2.206311687847275 -2.280583896042264

12



Kala et al.; ARJOM, 2(2): 1-17, 2017; Article no.XBM.30764

Table 6. Comparison of effect of Du and M on— 9'(0)

K1=0.2; Fs=0.2; Pr=0.7; R=0.2; n1=0.5; Sc=0.22; Kr=0.2; Sr=0.8

Du M=0.5, —6'(0) M=1.0, -6'(0) M=1.5, -6'(0)

0.0 0.515992976471438 0.504274705948937 0.493431930444854
0.5 0.426830347245987 0.415508838724430 0.405056510023779
1.0 0.327171381150390 0.316179396763918 0.306060907830782
15 0.214977134466426 0.204217464801666 0.194349239308821
2.0 0.087593502304750 0.076929226569302 0.067191172224133
2.5 -0.058520927932485 -0.069281459604498 -0.079062762521477
3.0 -0.228233868728730 -0.239359376262187 -0.249426118555875
3.5 -0.428475392254226 -0.440345879517772 -0.451048767845028
4.0 -0.669563433252605 -0.682726068759179 -0.694575323359925
4.5 -0.967737602385723 -0.983002791204020 -0.996764961855174

Table 7. Comparison of effect of Du and M on— ¢' (0)
K1=0.2; Fs=0.2; Pr=0.7; R=0.2; n1=0.5; Sc=0.22; Kr=0.2; S6S8 ;

Du M=0.5, - ¢'(0) M=1.0, —¢'(0) M=15 - ¢'(0),

0.0 0.301581364687369 0.298955773380282 0.296569970872321
0.5 0.314903105944613 0.312229192204953 0.309793624724648
1.0 0.329891776757534 0.327180627027648 0.324704578958220
15 0.346886521721831 0.344154149461420 0.341651300904889
2.0 0.366331137806846 0.363600263949214 0.361090393223269
2.5 0.388820639663608 0.386123317034153 0.383635535231300
3.0 0.415175889413641 0.412557483456373 0.410132450770526
3.5 0.446569248715833 0.444094490292255 0.441791835413839
4.0 0.484752115132033 0.482514869809145 0.480422092562419
4.5 0.532490094469384 0.530630033314054 0.528879392495182

Table 2 shows zigzag variation in the value of skin friictwith the increase in the value of Sr keeping the
value of M fix. But for fix value of Sr, with the increase the value of M, the value of skin friction

decreases.

Table 3 shows for fix value of M, as Sr increases the &lussmber increases. Also for fix value of Sr as
the value of M increases, the value of Nusselt numbeedses.

Table 4 shows for fix value of M, as Sr increasesSherwood number decreases. Also for fix value of Sr,
as the value of M increases the Sherwood number decreases.

Table 5 shows zigzag variation in the value of skin frictivith the increase in the value of Du keeping the
value of M fix. But for fix value of Du, with the increa in the value of M, the value of Skin friction

decreases.

Table 6 shows for fix value of M, as Du increases the Nusselb@&udecreases. Also for fix value of Du as
the value of M increases, the value of Nusselt numbeedses.

Table 7 shows for fix value of M, as Du increases the Stmilwumber increases. Also for fix value of Du,
as the value of M increases the Sherwood number decreases.
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5 Conclusion

In the paper, we discussed the numerically the Soret andubwdffects on MHD free convective

incompressible, Newtonian fluid flow over non lineadiretching sheet with radiation and chemical
reaction, through a non-Darcy porous medium, where stngtal@locity of sheet varies nonlinearly with
distance from the origin and, temperature and concentraignnon-linearly in the boundary layer region.
From the result and discussion our conclusions are as follows.

Figs. 2 to 10 shows with the increase in the valug ofall velocity profile f '(/7), temperature profile
49(/7), and concentration profilq(ﬂ) decrease.

Fig. 2 shows the increase in M decreases fluid velagityresults in thinning boundary layer.

Figs. 3 and 6 show the increasing M, Du leads to increase rimaheliffusion and results in thickening
boundary layer.

Figs. 4 and 10 show the increasing values of M, and Sredrerthe fluid concentration as well as
concentration boundary layer thickness.

Fig. 7 shows the increasing values of Du, decreasettitedbncentration as well as concentration boundary
layer thickness.

Fig. 9 shows the increasing Sr, leads to a decrease in thdiffagion and results in thinning boundary
layer.

Figs. 5 and 8 show the increasing value of Du, and Sr, daesffect the fluid velocity as well as velocity
boundary layer thickness.

Tables 2 and 5 show there is zigzag variation in theevaf skin friction with the increases in the value of
Sr and Du respectively for fix value of M. And for fix valoé Sr or Du, skin-friction decreases with the
increase in the value of M.

Table 3 show there is increase in the value of Nusselt nuwitiethe increases in the value of Sr for fix
value of M. And for fix value of Sr, Nusselt number d=ges with the increase in the value of M.

Table 4 show there is decrease in the value of Sherwoobarusith the increases in the value of Sr for fix
value of M. And for fix value of Sr, Sherwood number dases with the increase in the value of M.

Table 6 shows there is decrease in the value of Nusseliarumith the increases in the value of Du for fix
value of M. And for fix value of Du, Nusselt number dsxges with the increase in the value of M.

Table 7 shows there is increase in the value of Sherwood numithethe increases in the value of Du, for
fix value of M. And for fix value of Du, Sherwood numlbcreases with the increase in the value of M.

Competing Interests

Authors have declared that no competing interests exist.

14



Kala et al.; ARJOM, 2(2): 1-17, 2017; Article no.XBM.30764

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

Hayat T, Shehzad SA, Alsaedi A: Soret and Dufour effeatsmagnetohydrodynamic (MHD) flow of
casson fluid. Appl. Math. Mech. Engl. Ed. 2012;33(10):1301-1312
DOI: 10.1007/s10483-012-1623-6

Makinde OD, Zimba K, Bég O. Anwar. Numerical study afemically-reacting hydromagnetic
boundary layer flow with Soret/Dufour effects and a corivecdurface boundary conditiomt. J. of
Thermal & Environmental Engineering. 2012;4(1):89-98.

Chand K, Kumar R, Sharma S. Hydromagnetic oscillatomy flrough a porous medium bounded by
two vertical porous plates with heat source and Soretteffetagia Research Library, Advances in
Applied Science Research. 2012;3(4):2169-2178.

Sharma Bhupendra K, Yadav Kailash, Mishra Nidhish K, ChaydR@&x. Soret and Dufour effects on
unsteady MHD mixed convection flow past a radiative verficaous plate embedded in a porous
medium with chemical reaction. Applied Mathematics. 2072;3:723.

Available: http://dx.doi.org/10.4236/am.2012.37105

Motsa SS, Sibanda P. On the solution of MHD flow over dimear stretching sheet by an efficient
semi-analytical technique. International Journal for Mrioal Methods in Fluids (Int. J. Numer.
Meth. Fluids), Published online in Wiley Online Library @yionlinelibrary.com).

DOI: 10.1002/fld.2541\

Vasu B, Prasad VR, B’eg O. Anwar. Thermo-diffusion arffusion-thermo effects on MHD free
convective heat and mass transfer from a sphere embeddetmdarcian porous medium. Hindawi
Publishing Corporation, Journal of Thermodynamics; 2@tficle ID 725142, 17 pages.

DOI: 10.1155/2012/725142

Abbasbandy S, Ghehsareh HR, Hashim I. An approximate @olofi the MHD flow over a non-
linear stretching sheet by rational chebyshev collopaticethod. U.P.B. Sci. Bull., Series A.
2012;74:4.

ISSN: 1223-7027.

Prakash J, Kumar AGV, Bhanumathi D, Varma SVK. Dufoffeadts on unsteady hydromagnetic
radiative fluid flow past a vertical plate through pasanedium. Open Journal of Fluid Dynamics.
2012;2:159-171.

Available: http://dx.doi.org/10.4236/0jfd.2012.24017

http://www.SciRP.org/journal/ojfd

Awad Faiz G, Sibanda Precious, Khidir Ahmed A. Thernfadibn effects on magneto-nanofluid
flow over a stretching sheet. Boundary Value Problems. 20133.
Available: http://www.boundaryvalueproblems.com/content/2013/1/136

Ahmed T, Alam Md. Mahmud. Finite difference solutionMHHD mixed convection flow with heat
generation and chemical reaction. Procedia Engineerin@;2®149 —156.

Srinivasacharya D, Upendar M. Free convection in MHD opofar fluid with Soret and Dufour
effects.Int. J. of Appl. Math and Mech. 2013;9(5):92-112.

Gururaj A. David Maxim, Pavithra C. Nonlinear MHD bound#ayer flow of a liquid metal with

heat transfer over a porous stretching surface with remnlimadiation effects. Pelagia Research
Library, Advances in Applied Science Research. 2013;4(392(7

15



Kala et al.; ARJOM, 2(2): 1-17, 2017; Article no.XBM.30764

(13]

(14]

(15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

Sarma G. Sreedhar, Sreenivasu D, Govardhan K, PrasadnkakiRshna. Numerical study of MHD
free convection heat and mass transfer from vertical fgfecporous media considering Soret and
Dufour effects. Pelagia Research Library, Advances iniagscience Research. 2013;4(1):300-307.

Gangadhar K. Soret and Dufour effects on hydro magnetic heahass transfer over a vertical plate
with a convective surface boundary condition and chemicaltioga Journal of Applied Fluid
Mechanics. 2013;6(1):95-105.

Available: www.jafmonline.net

ISSN: 1735-3572, EISSN: 1735-3645.

Mahbub Md Abdullah Al, Nasu Nasrin Jahan, Aktar ShomhmRan Zillur. Soret-Dufour effects on
the MHD flow and heat transfer of microrotation fluid owernonlinear stretching plate in the
presence of suction. Applied Mathematics. 2013;4:864-875.

Available: http://dx.doi.org/10.4236/am.2013.46119

Jat RN, Gopi Chand, Rajotia Dinesh. MHD Heat and masssfer for viscous flow over nonlinearly
stretching sheet in a porous medium. Thermal Energy ameéfPEngineering TEPE. 2014;3(1):191-
197.

Available: www.vkingpub.com/journal/tepe/ © American V-KiBgientific Publishing 191

Ibrahim S. Mohammed. Effects of chemical reaction asigative Radiative MHD flow through a
porous medium over a nonisothermal stretching sheet. HinBablishing Corporation, Journal of
Industrial Mathematics; 2014. Article ID 243148, 10.

Rashidi MM, Rostami B, Abbasbandy S, Bég O. Anwar. Happtsemi-numerical simulation of
Soret and Dufour effects on magneto-convection heat asd transfer from a transpiring stretching
surfacelnt. J. of Appl. Math and Mech. 2014;10 (1):88-120.

Yasmin D, Ahmed T, Anika NN, Mahmud Alam. Diffusion-thes and thermal-diffusion effects on
MHD visco-elastic fluid flow over a vertical plate. Joat of Applied Fluid Mechanics.
2014;7(3):447-458.

Available: www.jafmonline.net

ISSN: 1735-3572, EISSN: 1735-3645.

Usman Halima, Uwanta Ime Jimmy. Effect of thermal conditgton MHD heat and mass transfer:
Flow past an infinite vertical plate with Soret and Dufoule@t. American Journal of Applied
Mathematics. 2013;1(3):28-38.

DOI: 10.11648/j.ajam.20130103.11

Haile Eshetu, Shankar B. Heat and mass transfer thrayginous media of MHD flow of nanofluids
with thermal radiation, viscous dissipation and chenmeattion effects. American Chemical Science
Journal (SCIENCEDOMAIN international). 2014;4:6.

Available: www.sciencedomain.org

Sengupta S, Ahmed N. MHD free convective chemically reactoxe 6f a dissipative fluid with
thermal diffusion, fluctuating wall temperature and coneditns in velocity slip regimdnt. J. of
Appl. Math and Mech. 2014;10(4):27-54.

Sharma BR, Nath Kabita, Borgohain Debozani. Influenaghefmical reaction, heat source, Soret and

Dufour effects on separation of a binary fluid mixtureMiD natural convection flow in porous
media. International Journal of Computer Applications (0975 — 8281%1;90:2.

16



Kala et al.; ARJOM, 2(2): 1-17, 2017; Article no.XBM.30764

[24]

(25]

(26]

[27]

(28]

(29]

Pal D, Mondal H. Soret-Dufour effects on hydromagnetic darcy convective-radiative heat and
mass transfer over a stretching sheet in porous meditimvisicous dissipation and ohmic heating.
Journal of Applied Fluid Mechanics. 2014;7(3):513-523.

Available: www.jafmonline.net

ISSN: 1735-3572, EISSN: 1735-3645.

Yasmin D, Ahmed T, Anika NN, Mukitul Hasan MM, Alam NMWahmud. Diffusion-thermo and
thermal-diffusion effects on MHD visco-elastic fluid floowver a vertical plate. Journal of Applied
Fluid Mechanics. 2014;7(3):447-458.

Available: www.jafmonline.net

ISSN: 1735-3572, EISSN: 1735-3645.

Animasaun lIsaac L, Oyem Anselm O. Effect of variabiscasity, Dufour, Soret and thermal
conductivity on free convective heat and mass traraffeon-darcian flow past porous flat surface.
American Journal of Computational Mathematics. 2014;4:35786blished Online September 2014
in SciRes.

Ishak A, Nazar R, Pop I. Hydromagnetic flow and heat fearexdjacent to a stretching vertical sheet.
Heat Mass Transfer. 2008;44:921-927.

Chen CH. Laminar mixed convection adjacent to verticatinaously stretching sheets. Heat Mass
Transfer. 1998;33:471-476.

Raptis A. Radiation and free convection flow through a poroedium. Int. Comm. In Heat and
Mass Transfer. 1998;25:289-295.

© 2017 Kala et al.; This is an Open Access artidistributed under the terms of the Creative CommaAtisbution License
(http://creativecommons.org/licenses/byj4 ®Which permits unrestricted use, distributiondareproduction in any medium, provided
the original work is properly cited.

Peer-review history:

The peer review history for this paper can be asedsere (Please copy paste the total link in your
browser address bar)

http://sciencedomain.org/review-history/17513

17



