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Abstract

The heat and mass transfer of a steady flow ofaanipressible electrically conducting
fluid over an inclined stretching plate under théluence of an applied uniform magnetic
field with heat generation and suction and theat$fef Hall current are investigated. Using
suitable similarity transformations the governingubdary layer equations for momentum,
thermal energy and concentration are reduced tetaofscoupled ordinary differential

equations which are then solved numerically by gheoting method along with Runge-
Kutta fourth-fifth order integration scheme. Thenrarical results concerned with the
velocity, secondary velocity, temperature and cotregion profiles effects of various

parameters on the flow fields are investigated are$ented graphically. The results have
possible technological applications in liquid-basgstems involving stretchable materials.
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1. Introduction

The steady MHD boundary layer flow over an inclirstcetching sheet with suction and
heat generation has much interested in last fevadbesc The effects of magnetic field on
free convective flows are of importance in liquiegtals, electrolytes, and ionized gases.
Due to presence of a strong magnetic field the gotioh mechanism in ionized gases is
different from that in a metallic substance. Ancélie current in ionized gases is generally
carried out by electrons which undergo successillesions with other charged or neutral

particles. However, in the presence of a strongtiétefield, the electrical conductivity is

affected by a magnetic field. Also MHD laminar bdany layer flow over a stretching

sheet has noticeable applications in glass blowingtinuous casting, paper production,
hot rolling, wire drawing, drawing of plastic filmsnetal and polymer extrusion, metal
spinning and spinning of fibers. During its mantfging process a stretched sheet
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interacts with the ambient fluid thermally and magically. Both the kinematics of
stretching and the simultaneous heating or codfimgng such processes has a decisive
influence on the quality of the final products.the extrusion of a polymer sheet from a
die, the sheet is sometime stretched. By drawieh susheet in a viscous fluid, the rate of
cooling can be controlled and the final producttloé desired characteristics can be
achieved. Elbashbeshy and Sedki [1] studied th&ectebf chemical reaction on mass
transfer over a stretching surface embedded inraugamedium, Jhankal and Kumar [2]
have analyzed the MHD boundary layer flow pastratching plate with heat transfer,
Bhattacharyya [3] discussed the mass transfer aorginuous flat plate moving in a
parallel or reversely to a free stream in the preseof a chemical reaction, Ferdows and
Qasem [4] studied the effects of order of chermieattion on a boundary layer flow with
heat and mass transfer over a linearly stretchivegets Fadzilatet al. [5] analyzed the
MHD boundary layer flow and heat transfer of a vise and electrically conducting fluid
over a stretching sheet with an induced magnetid filbrahim and Shanker [6] studied
the unsteady MHD boundary layer flow and heat fiendue to stretching sheet in the
presence of heat source or sink by Quasi-lineanizaechnique, Ahmmed and Sarker [7]
considered the MHD natural convection flow of flifdm a vertical flat plate considering
temperature dependent viscosity, Samad and Molabaj) [8] investigated the case
along a vertical stretching sheet in presence afnetic field and heat generation, Abel
and Mahesh [9] presented an analytical and numesidation for heat transfer in a steady
laminar flow of an incompressible viscoelastic diver a stretching sheet with power-
law surface temperature, including the effects afiable thermal conductivity and non-
uniform heat source and radiation, Tetral.[10] studied various aspects of this problem,
such as the heat, mass and momentum transferdougglows with or without suction or
blowing, Raptiset al. [11] have studied the viscous flow over a nondimg stretching
sheet in the presence of a chemical reaction arghetia field, Cortell [12] studied the
magneto hydrodynamics flow of a power-law fluid peestretching sheet, The effect of
chemical reaction on free-convective flow and ntasssfer of a viscous, incompressible
and electrically conducting fluid over a stretchsiteet was investigated by Afify [13] in
the presence of transverse magnetic field, Semthl. [14] studied the heat and mass
transfer in a visco-elastic fluid flow over an aecating surface with heat source/sink and
viscous dissipation, Sakiadis [15] who developedumerical solution for the boundary
layer flow field over a continuous solid surfacevimy with constant speed. In the present
paper, we have investigated the effects of Hallremtr of an electrically conducting
viscous incompressible fluid flow along the lingadtretching inclined sheet in the
presence of heat and mass transfer as well af@mninagnetic field which is normal to
the sheet with heat generation and suction.

2. Mathematical For mulation of the Problem

Consider a two dimensional steady laminar MHD wuiscancompressible electrically
conducting fluid along an inclined stretching sheith an acute anglg. X direction is
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taken along the leading edge of the inclined dtiete sheet and is normal to it and
extends parallel t&X-axis. A magnetic field of strengtB, is introduced to the normal to
the direction to the flow. The uniform plate tenytere T,, (>T.), whereT, is the
temperature of the fluid far away from the plateet lu, v and w be the velocity
components along th€ andY axis and secondary velocity component alongZteis
respectively in the boundary layer region. The ckedf the physical configuration and
coordinate system are shown in Fig.1.

v Y
Fig. 1. Physical configuration and coordinate sys

Under the above assumptions and usual boundaryr lapproximation, the
dimensional governing equations of continuity, mataen, energy and concentration
under the influence of externally imposed magniid are:

Equation of continuity: [10]
@ + @ =0 (1)
ox oy

Momentum equation:

ou ou_ LZU B (o~ _ oB? 2
u&+va—y—v0y2+gﬁ(T T,)cosy+ g8 (C-C, )cosy W(u+mw)()

u W - orw, o8 (mu-w 3)

or, 9T_ ¥T.Q k @

Concentration Equation:
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2
22, 2 ®

Boundary conditions are:
u=Ax, v=yvy, w=Ax,T=T,C=C, at y=0
U:O,W:O,T:TM,C:COO as y - o«

To convert the governing equations into a setmilarity equations, we introduce the
following similarity transformation:

=g )= 2y =R ) ole)= T e )= S

where, A (>0) is a constant, andv, is a velocity component at the wall having
positive value to indicate suction.

By using the above transformations, the Egs.(2) -ai® reduced to non-dimensional,
nonlinear and coupled ordinary differential equasio

Wi M Mm
_ _ _ - 6
"+ ff' — 2 +Grocosy + Gmp cosy Tt g% 0 (6)
. . - M Mm -
ot - - 7
0o+ 10— 0= Gt o f =0 i
0 +Prfo + PrQg =0 (8)
¢ +S.f¢ =0 ©)

The transform boundary conditions:

f =—Fwygozl,f. =1,0=¢=1at;7=0,f = f 290:0:¢:0 asn — o«

3. Results and Discussion

The ordinary differential Eqs. (6) - (9) subject ttee boundary conditions are solved
numerically by Runge -Kutta fourth - fifth orderethod Thesehigher order non-linear
differential Egs. (6) - (9) are converted into sltaneous linear differential equations of
first order and further transformed into initiallw@a problem by applying the shooting
technique. The numerical calculation for the primary velocity, secondary ogty,
temperature and concentration profiles across thandary layer for different values of
the mentioned parametease shown graphically in Figs. 2- 21 to illustréte influence
of physical parameters viz., the suction paraméigr magnetic parameted, Hall
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parametem, heat generation paramet® Buoyancy parameteGr and Gm, Schmidt
numberSc,Prandlt NumbePr, inclination parameter.

The effects oM andm on the primary and secondary velocity profiles stiewn in
Figs. 2, 3, 9 and 10. It can be clearly seen thainarease in the magnetic parameter
decreases the primary velocity and increases tbendary velocity. This result agrees
with the expectations, since the magnetic fieldrisxa retarding effect on the free
convective flow. This field may control the flow atacteristics, an increase hresults
in thinning of the boundary layer. The effect of tHall parameter has an increasing effect
on the primary velocity, whereas the negligibleréasing effect on the secondary velocity
profile. Again Figs. 4, 5, 8, and 11 display théeefs ofQ, y, Pr andF,,. From these
figures it is observed that the primary velocitydecreased for the increasing valueQof
y, Pr andF,, but increased for increasing valuesGrh andGr as shown in Figs. 6 and 7.
Again, Figs.12, 13, and 19 depict the temperatacka@ncentration profiles fov andm.
From Fig.12 it is observed that, the increasing dedreasing effect on the thermal
boundary layer up to certain valuesydbr increasing values @l but reverse trend arises
for m which is shown in Fig. 13. Again the concentratiendecreased for increasing
values ofM as shown in Fig.19. Also, Figs.14 to 18 displag/ tteermal boundary layer for
various values of entering parameters. From thégerels it is observed that, the
temperature profile is increased up to certainrigieof  and then decreased which are
shown in Figs. 14, 15 and 18 for the increasingieslofQ, y, andPr whereas reverse
trend arises for the effect &fr andGmare shown in Figs. 16 and 17.

Fig.18 clearly demonstrates that the thermal boyntdger thickness increases as the
Pr increases up to certain valuesyaimplying smaller heat transfer. It is due to fdwit
higher values ofPr means decreasing thermal conductivity and thesefois able to
diffuse away from the plate more slowly than smali@lues ofPr, hence the rate of heat
transfer is reduced as a result the heat of thd fiuthe boundary layer increases. The
concentration profile for the effects &f andF,, are shown in Figs. 20 and 21. It is seen
that the concentration is decreased for the inorgagalues of Schmidt number and
suction parameter.
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5. Conclusion

Following are the conclusions made from the aboayais:

The primary velocity decreases and secondary \glatctreases with increasing
magnetic parameter causing of Lorentz force Thmany velocity is increased for
Hall parameter and bouncy parameter but decreasdteft generation parameter
Prandtl number, suction parameter and angle ohiaibn.

Thermal boundary layer is increased up to certaines ofy and then decreased
for the values of magnetic parameter, heat gemeraarameter, Prandtl number,
and angle of inclination whereas reverse trendeari®r Hall parameter and
bouncy parameter.

The concentration is decreased for the increagaiges of Schmidt number,
magnetic parameter and suction parameter.

Nomenclature

MHD

QQ\<<3

OPa™o ==

cCwno

v Velocity component in y-
direction
Magnetohydrodynamics w Velocity ~ component in z
Specific heat of with constant direction
pressure T Temperature
Gravitational acceleration K Thermal conductivity
Secondary velocity Dn Thermal molecular diffusivity
Velocity profile c Concentration _
Magnetic parameter, C, Concentration of the fluid
oB2 outside the boundary layer
_ 0
T OA Pr Prandtl numberpy= .
Hall parameter s _ ¢
Kinematic viscosity Schmidt numbersC -V
Inclination of the plate m
Similarity variable Gr Buoyancy parameter,
Thermal diffusivity o _sg(T,-T.)
Thermal expansion coefficient Gr= T Ak
Coefficient of expansion with o
concentration Gm Modified ‘buoyancy parameter,
Density Gm= sg'(C.-C.)
. . 2
Electric conductivity A"
Dimensionless temperature T Temperature at the Plate
Dimensionless heat generation Bo Constant magnetic field intensity
parameter g = Q T. Temperature of the fluid outside
Aoc, the boundary layer
Heat source parameter Subsc
Dummy parameter ripts N
Velocity component in  x- w Quantities at wall
direction 58] Quantities at the free stream
Velocity component in y-

direction
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