International Journal of Engineering & Technolod#T-IJENS Vol: 11 No: 05 4

Numerical study of MHD free convection flow and masstransfer over a
stretching sheet considering Dufour & Soret effectsin the presence of
Magnetic Field

M. U. Ahammad®*, Md. Shirazul Hoque Mollah?

Department of Mathematics, Dhaka University of Eegiring and Technology (DUET),
Gazipur-1700,Bangladesh. Email: mainuddin633@yaiumo.
mollah123@yahoo.com

Abstract

In the present approach, a two-dimensional steabfpNree convection flow and mass transfer over a
stretching sheet has been analyzed numericallydimy the Dufour and Soret effects with a magnetic
field. The governing differential equations of the probleave been transformed into a system of non-
dimensional differential equations, which are tlsahved numerically using a sixth-order Runge-Kutta
integration scheme with Nachtsheim-Swigert shootireghod. The dimensionless velocity, temperature
and concentration profiles are displayed graphycsitiowing the effects for the different values loé t
involved parameters of the problem. Moreover, tfieces of So and Du on the local skin-friction
coefficient Cf), local Nusselt numbemlN{) and local Sherwood numbe8h are also shown in tabular

form. The investigated results showed that the flow fiednotably influenced by the considering
parameters.
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NOMENCLATURE:

A1, A are proportionality constants
b Stretching rate

B, Magnetic field intensity

C Concentration

C; Concentration susceptibility

C, Specific heat at constant pressure
Cw Concentration in free stream

Dm Mass diffusivity

Du Dufour number

fw Dimensionless suction velocity
FsLocal Forchheimer number

g Acceleration due to gravity
GmLocal modified Grashof number
Gr Local Grashof number

Kt Thermal diffusion ratio

k Thermal conductivity

M Magnetic field parameter

Nu Nusselt number

Pr Prandtl number

r heat flux exponent parameter

ReLocal Reynolds humber

ScSchmidt number
Sherwood number

SoSoret number

T Fluid temperature

T, Fluid temperature in the free stream
Tm Mean fluid temperature

o Thermal diffusivity

B Coefficient of thermal expansion

B’ Coefficient of concentration expansion

o Electrical conductivity

p Density of the fluid

v Kinematic viscosity

0 Dimensionless temperature

¢ Dimensionless concentration

w Condition at wall

oo Condition at infinity

u, v Darcian velocities in the andy-direction

respectively

X, yCartesian coordinates along the plate and

normal to it, respectively
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1. Introduction

The study of Magnetohydrodynamic (MHD) flows havémslated extensive attention due to its
significant applications in three different subjactas, such as astrophysical, geophysical andesiig
problems.Free convection in electrically conducfilagds through an external magnetic field has baen
subject of considerable research interest of alaignmber of scholars for a long time due to itedie
applications in the fields such as nuclear reactgesthermal engineering, liquid metals and plasma
flows, among others. Fluid flow control under matme forces is also applicable in
magnetohydrodynamic generators and a host of maghetices used in industries. Steady and transient
free convection of an electrically conducting fldidm a vertical plate in the presence of magniticl

was studied by Gupta [1]. Lykoudis [2] investighteatural convection of an electrically conductilugd

with a magnetic field. Takhar et al. [3] computénli and mass transfer on a stretching sheet uhaer t
consideration of magnetic field and chemically te@&cspecies. They focused that the energy fluxkm
produced by both of the temperature gradient angtantration gradient. The energy flux caused by
concentration gradient is called Dufour effect d@inel same by temperature gradient is called thetSore
effect. These effects have a vital role in the higmperature and high concentration gradient. The
significant Soret effects in convective transpartiear fluids has been found in the work of Berga
and Srinivasan [4] and Zimmerman et al. [5]. THeatfof magnetic field on heat and mass transfenfr
vertical surfaces in porous media considering Samed Dufour effects have been performed by
Postelnicu [6]. Alam et al. [7] analyzed the Dufand Soret effects on steady MHD combined free
forced convective and mass transfer flow past a-gdinite vertical plate. Jha et al. [8] includ&bret
effects free convection and mass transfer flowhm $tokes problem for an infinite vertical platen A
analysis of the steady two-dimensional flow of anoimpressible viscous and electrically conducting
fluid over a non-linearly semi-infinite stretchistpeet in the presence of a chemical reaction addrun
the influence of a magnetic field have been caraetlby Raptis and Perdikis [10]. Acharya et al][1
studied heat and mass transfer over an accelesati@ce with heat source in the presence of suetial
blowing. Anghel et al. [13] investigated the Dufamd Soret effects on free convection boundaryrlaye
over a vertical surface embedded in a porous medilmhammadein et al. [14] found the result of heat
transfer in a micropolar fluid over a stretching@shwith viscous dissipation and internal heat geren.
Helmy [15] presented the effects of the magnetiddfion a non-Newtonian conducting fluid past a
stretching plate. The goal of the present worloisnvestigate the effects of Dufour number and Sore
number in the presence of magnetic field for MHBefrconvection flow and mass transfer along a
stretching sheet.

2. Gover ning equations of the flow

In the present problem, it can be considered tiaflow is steady, two-dimensional, laminar MHDefre
convective, viscous and incompressible along aatigestretching semi-infinite sheet. The surface is

supposed to be permeable which moves with velagjtfx) = bx and v, (X) represents the permeability

of the porous surface. Fluid suction is imposedhat stretching surface. Theaxis runs along the
stretching surface in the direction of motion witike slot as the origin and theaxis is measured
normally from the sheet to the fluid. The appliedgmetic field is primarily in thg-direction and varies
in strength as a function afand is defined aB = (0, B(x)). Moreover, the electrical conductivity is
assumed to have the form as= g,u, whereg, is a constant.

According to the usual Boussinesq and boundaryrlaperoximation, the governing equations for this
problem can be written as follows:
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Continuity equation

ou 6v

ax O_y =0, (1)

Momentum equation

uRavB=pSle ga(T-T)+ (- ¢)- LA 2(
x 0y 0y

Energy equation

oT . aT _ Kk 62T D, k; 02 C
Uu—+v— 3)
0x ay PC, ay’ c, C, ay?
Concentration equatlon
2
ua_c+va_c:Dac D, k; °T 4
ox dy "oy T oy’

It is appropriate to suppose that the applied refignfield strength B(x)has the form [Helmy

(1994)]:B(x) = % B, is constant. (5)

Using equation (5), the fourth term in equationd@@jy be rewritten as:
o(B(x))’u _ g,BZu®

, whereg = g,u, (6)
Y X
Therefore by means of equation (6), equation (@yces to
ou odu_ 0°u o,B;
u——+ V——U— gB(T-T)+ B(C Q)—— ()
ox oy
The swtable boundary conditions are given by:
oT ; oC ;
u=u,(x)=bx v=+ m(>),—k5= A= A%- R = M= At 30, (8
u=0, T=T, C=C at y- o . (8b)

By mean of the following similarity variables [Adlya et al. (1999)];
oy _ oy . N2 V2
=, V=—— = f

u ay,v o (vb)™ xt@r),n=(blv)"" vy

T-1.= A% (011" 6(n), c- ¢ =A% (01§ (n).

m

Equations (7), (3) and (4) be converted into theaéigns as below:

£+ —(f')" + 9.0+ 94 - M(f)?=0, 19
" -rPrf'é+Prfd +PrDf¢" =0, §10
@"—rScf'¢+ Scip' + ScH' =0. (11
The transformed boundary conditions are given by

f=f,f=L8=-L¢g=-1atn=0, @p
f'=0,6=0,¢=0 atn - o, (02

where the dimensionless wall mass transfer coefficidefined asf,, = -v,, / (bu)llz, whose positive &
negative value indicates wall suction and wg#dtion respectively.
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The dimensionless parameters introduced in theeabquations are defined as follows:

o BZx x*
M =—=2"_ is the local magnetic field parametegr :g’BLV; is the local Grashof number,
o, (x) kv
M, x* u,, (x)x
szg’g—ﬁ is the local modified Grashof numbére, zﬁ is the local Reynolds number,
D,v v
ro . .
g, =% is the temperature buoyancy parametgg,=W is the mass buoyancy parameter,
D M _ D.q.K; . upC,
Du =m—WkT is the Dufour numberSo=M is the Soret numbeRr = P is the Prandtl
uc,c,q, kM, T, k

number, Sc= DL is the Schmidt number.

m

Nachtsheim-Swigert (1965) shooting iteration teghmi together with Runge-Kutta sixth-order
integration procedure have been used for solvirgg Sfstem of equations (9), (10), (11) under the
boundary conditions (127 = 0.01 was selected as the step size that satsfaethvergence criterion of
10°® for the calculations of parameters in differenagds. From the process of numerical computation,
the skin-friction coefficient, the local Nusseltmber and the local Sherwood number are proportitmnal

1 1
f"(0), ——, —— respectively.
) 50 50
3. Results and discussion

Numerical computations have been performed foekfit values oM, So, Duand for fixed values of
Pr=10.71 (air),Sc= 0.22 (hydrogen),&12; g = 6 (due to free convection problem). The valuethe
Soret numbeiSo and Dufour numberDu are assumed in such a way that their producbisstant
provided that the mean temperaturg is kept constant as well. With the above-mentibfiew
parameters, the results are displayed in Figs. fbr@he velocity, temperature and concentratiafilas.

In addition, the local skin-friction coefficientye local Nusselt number and the local Sherwood mumb
are also shown in table-2 for different valueSofandDu.

Figs. 1, 2, & 3 present the behavior of the velodit, temperatured and concentration profiles for
various values of the magnetic field paramédeiThe presence of a magnetic field normal to tbe fin

an electrically conducting fluid produces a bodscéagainst the flow. This resistive force tendsltav
down the motion of the fluid in the boundary layerd thus it is seen that in Fig.1 the fluid vetpci
decreases with the increase of the magnetic figidhmpeter. Fig.2 appears in increasing the flow
temperature as the magnetic field parameter isemearlhis indicates that the fluid is heated by the
applied magnetic field and consequently reducesid¢lad transfer from the wall. Finally, the concatitn
profiles is increased with increasing the valuethef magnetic field parameter, and so the condgrira
boundary layer enhances.
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lgs=12,gc=6, Pr=0.71, fw=0.%
rSc= 022 r=1.0, K=1.0,n=1.0,
0'B'Sr:O.GO, Df =0.10 and a=30.
0
fl
g 4
Fig.1. Velocity profiles for different values of Fig.2. Temprature profiles for differeriues of
Magnetic field parameter Magnetic field paraare

15

| gs=12,g9c=6, Pr=
Sc 0. 22 :1 0, K
.10

:otﬂ

Fig.3. Concentration profiles for different valuzfs
Magnetic field parameter

The effects of Soret numb&o and Dufour numbebDu on the velocity field, temperature field and
concentration field are displayed in Figs.4, 5, & &d their numerical values are listed in Table-1

(quantitatively, whem = 0.5). This results can be expressed shortlizérfallowing ways;

In step-1 Sodecreases from 1.2 to 0.8 Bu increases from 0.050 to 0.075), there is 1.49%6Gha%
decreases in velocity value and concentration vedgpectively whereas 2.86% increase in temperature
value.

In step-2 Sodecreases from 0.8 to 0.4 Bu increases from 0.075 to 0.150), there is 0.87%68d%
decreases in velocity value and concentration vedapectively whereas 5.85% increase in temperatur
value.
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rgs=12,9c=6, Pr
+rSc=0.22,r=1.0,
**I'M =0.5and a=30.

A

Fig.4. Velocity profiles for different values of Fig.5. Temperature profiles for diffet@alues of
So0& Du So& Du

Fig.6. Concentration profiles for different valus
So& Du

Table-1: Comparison of thealues of velocity, temperature and concentrafiordifferent values ofSo
& Du with = 0.5 and forgs = 12,9, = 6,Pr =0.71,Sc= 0.22,r =1.0,f,= 0.50,K=1.0,M = 0.50,n =
1.0.

Step n (So, Du) f Decrease % Increase o Decrease
(1.2, 0.050) 1.6452 0.3072 0.8940
1 0.5 (0.8, 0.075) 1.6207 | 1.49% 0.3160 2.86% 0.8393 6.12%
(0.8, 0.075) 1.6207 0.3160 0.8393
2 0.5 (0.4, 0.150) 1.6066| 0.87% 0.3345 5.85% 0.7816 6.87%
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Moreover, Table-2 focused the shared effects o&tSoumber and Dufour number on the local skin-
friction coefficient, the local Nusselt number ahd local Sherwood number.

Table-2: Numerical values oEf , NuandShfor different values ofSo& Du with gs = 12,9. = 6,Pr
=0.71,Sc=0.22,r =1.0,f,= 0.50,K=1.0,M = 0.50,n = 1.0.

(So, Du) Cf Nu Sh
(1.2, 0.050) 3.7967 1.4461 0.7518
(1.0, 0.060) 3.7451 1.4374 0.7692
(0.8, 0.075) 3.6975 1.4263 0.7877
(0.6, 0.100) 3.6586 1.4110 0.8074
(0.4, 0.150) 3.6417 1.3858 0.8292

4, Conclusions

The problem of steady-state, incompressible, visctaminar and MHD free convection flow along a
stretching sheet in the presence of magnetic fiakte been investigated. The important conclusiane h
been drawn as follows:

__ The velocity profiles decrease whereas temperatund concentration profiles increase by rising
magnetic field parameter.

_ For the combined effects of Dufour and Soret numb&s ireases and thuSo decreases), the
temperature profiles increase while velocity andoamtration profiles decrease.

__ The local skin-friction coefficient and the loddiisselt number decreases with increasing theuuf
number (decreasing Soret number) while the locen8bod number increases.
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