Available online at www.pelagiaresearchlibrary.com

<
:r-é Pelagia Research Library
E‘ Advancesin Applied Science Resear ch, 2015, 6(1):59-65
Library Library
| SSN: 0976-8610

CODEN (USA): AASRFC

Effects of viscous dissipation and ther mal stratification on chemical reacting
fluid flow over a vertical stretching surface with heat sour ce

J. Venkata Madhu', M. N. Rajasekhar?and B. Shashidar Reddy?

'Department of Science and Humanities, Sreenidhi Institute of Science and Technology, Ghatkesar, Hyderabad,
AP., India
“Department of Mathematics, JNTU College of Engineering, Jagityala, Karimnagar, A.P., India
3Department of Mathematics and Humanities, Mahatma Gandhi Institute of Technology, Gandipet, Hyderabad,
AP, India

ABSTRACT

This paper aims to investigate the influence of chemical reaction and thermal stratification of the nonlinear MHD
flow with heat and mass transfer characteristics of an incompressible, viscous, electrically conducting and
Boussinesq fluid on a vertical stretching surface in the presence of viscous dissipation. A magnetic field is applied
transversely to the direction of the flow. The basic equations governing the flow, heat transfer, and concentration
are reduced to a set of non linear ordinary differential equations by using appropriate transformation for variables.
The non linear ordinary differential equations are first linearised using Quasi-linearization and solved numerically
by an implicit finite difference scheme. Then the system of algebraic equations is solved by using Gauss-Seidal
iterative method. The effects of physical parameters on the velocity, temperature, and concentration profiles are
illustrated graphically. Velocity, Temperature and concentration profiles drawn for different controlling parameters
reveal that the flow field is influenced appreciably by the presence of thermal stratification, chemical reaction,
magnetic field and viscous dissipation.

Keywords. Chemical reaction; Magnetic field; Heat sourcheiimal stratification; finite difference scheme

INTRODUCTION

Magneto hydrodynamic flows have applications ineneblogy, solar physics, cosmic fluid dynamicsrastysics,
geophysics and in the motion of earth’s core. lditaah from the technological point of view, MHDefe convection
flows have significant applications in the field sfellar and planetary magnetospheres, aeronbptasma Flows,
chemical engineering and electronics.

Raptis [1] (Raptis 1986) studied mathematically¢hee of time varying two dimensional natural cative flow of

an incompressible, electrically conducting fluicbrad an infinite vertical porous plate embedded ipagous
medium. Elabashbeshy [2] (Elabashbeshy 1997) studtat and mass transfer along a vertical platkempresence
of magnetic field. Chamkha and Khaled [3] (Chamkhnd Khaled 2001) investigated the problem of codipleat
and mass transfer by magneto hydrodynamic freeemtion from an inclined plate in the presence tdrimal heat
generation or absorption.

In the combined heat and mass transfer processds, known that the thermal energy flux resultingnh
concentration gradients is referred to as the dufwudiffusion—thermal effect. Similarly, the soret thermo
diffusion effect is the contribution to the maasx#s due to temperature gradients. The dufour ared sffects may
be significant in the areas of geosciences and idaengineering. Kafoussias and Williams [4] enygld the finite
difference method to examine the dufour and sdfet&s on mixed free-forced convective heat andsnteensfer
along a vertical surface, various other influentiest have been considered include magnetic fie]d &riable
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suction [6], and chemical reaction [7].

In many mixed flows of practical importance in natas well as in many engineering devices, therenment is
thermally stratified. The discharge of hot fluiddrenclosed regions often results in a stable thkbstnatification
with lighter fluid overlying denser fluid.

The thermal stratification effects of heat transfmer a stretching surface is of interest in polyragtrusion
processes where the object, after passing throwti, aenters the fluid for cooling below a certe@mperature. The
rate at which such objects are cooled has an impbbearing on the properties of the final prodircthe process
of cooling the fluids, the momentum boundary lafgerinear stretching of sheet was first studieddrane [8].

The present trend in the field of chemical reactioalysis is to give a mathematical model for fysesn to predict
the reactor performance. A large amount of reseamtk has been reported in this field. In particuthe study of
heat and mass transfer with chemical reaction isooisiderable importance in chemical and hydroretatal
industries. In order to study the thermal stradificn effects over the above-mentioned problenateempt has been
made have to analyze the nonlinear hydro magnktie Wwith heat and mass transfer over a verticadtshing
surface with chemical reaction and thermal stigtfon effects.

In the past decades, the penetration theory of ieligB35 had been widely applied to unsteady stdtestnal
problems with and without chemical reaction. As darwe can ascertain, all the solutions with chahrieaction
were obtained for the case of a semi-infinite bodlyiquid, although physical absorption into a fenifilm was
considered. Among some of the interesting problemmich were studied is the analysis of laminar fdrce
convection mass transfer with homogeneous chemgeation, [9]. The effect of different values ofiRdtl number
of the fluid along the surface was analyzed by Getji0].

Viscous dissipation which, appears as a source itertme fluid flow generates appreciable tempemtgives the
rate at which mechanical energy is converted irgat Iin a viscous fluid per unit volume. Howevethe existing
convective heat transfer literature on the non-Newein fluids, the effect of the viscous dissipatioais been
generally disregarded. Gnaneswara and Bhasker Héadiiyrave studied the effects of soret and dufouisteady
MHD free convection flow in a porous medium wittsaus dissipation. Kishan and Shashidar Reddy ha2¢
studied the MHD effects on non-Newtonian power-fawd past a continuously moving porous flat platéh heat
flux and Viscous Dissipation.

MATHEMATICAL FORMULATION

Let us consider two dimensional laminar boundaryetaflows over a stretching plate in an incomptassi
electrically conducting fluid, where the x-axisal®ng the stretching plate and y-axis perpendiduolédt, the applied
magnetic fieldB, is transversely to x-axis. The magnetic Reynolgisiper of the flow is taken to be small enough
so that the induced magnetic field can be negledieder the usual boundary layer approximations,gtwverning
equations of continuity, momentum and energy utiderinfluence of externally imposed transverse regigriield
are;

du  0v
oy 0 - (1)
u, o o _ “(C - ) — Pt
uax+vay—v0y2+gB(T T,) +gB " (C—C,) ;
(2)
aT aT _ 8T wofou\?
u$+va_y_°(ﬁ+Q(T°°_T)+E(5> --- (3)
ac ac _ - d%C
u$+va_y_Dﬁ_ch - (4)
The boundary conditions are
u=Ux)=ax, v=0, T=T,(x), C=C,(x)aty=0 - (5)
u=0T=T,(x) =1 —n)Ty +nT,(x),C =C,asy = © --- (6)
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Where a is dimensional constant and n is a consthith is the thermal stratification parameter &aduch that
0<n < 1. The n defined as thermal stratification paramitergual tomm—jr1 of Nakayama and koyama [13] where
1

m, is constantT, is constant reference temperature gay0). The suffixes w ane denote surface and ambient
conditions

As in Acharya et al. [14] the following change @friables are introduced:

¥ = (vxU (x))l/2 f(n)

n= UK /vx) /2y — ()
The velocity components are given by

_or Lo —(®)
u’_'ﬂy'v._ 0x (

It can be easily verified that the continuity ebj. i§ identically satisfied. Similarity solutiongist if we assume that
U(x) = ax and introduce the non dimensional form of tempegeaand concentration as

T-T,
0m) =1 —-

C-Cyp
o) =—=

Re, = % is Reynolds number

_ vep(Tw—Tx)

Gry _'___T?é___

_ v (Cw—Cx)

Ge, = G
C .

P = qu is Prandtl number

is Grashof number

is modified Grashof number

S, = % is Schmidt number

2
M2 = % is magnetic parameter

Ky . . .
Y= vU_21 is Chemical reaction parameter

XQ .
S = FQ is Heat source parameter
2

1

¢ = — s Eckert number
Cp(TW_Tao)

In this work, temperature variation of the surfdsetaken into account and is also given by the pdaws

temperaturel,, — T, = Nx" where N and n are constants. Also concentratiorati@n is given byC,, — C, =
N;x™ where N and n are constants. The nonlinear equations and boyrgdaditions are obtained as

; M2\ . "
f" + GeuRey + GryRe,d — (£)? = (30) £ +ff' = 0

—(9)
0" =R (0+ (1fn)) +Pf0' — P,SO + P.E.(f")? = 0

--- (10)
¢ — Sc(pyRey +f'9) +Scfp = 0

--(11)
The boundary conditions are given by

f(0) = 0,f'(0) = 1,0(0) = 1,¢(0) = 1,f () = 0,

0(0) = 0,9(x) =0 - (12)

To solve the system of transformed governing equati(9)-(11) with the boundary conditions (12) westf
linearised equation (9) by Quasi-linearization fgge

Then equation (9) transformed to
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2
£+ £'(F) + £ (=2F — 2= ) +1F" + GeoRe,o + GryRe,0 — (F)? — FF' = 0 @3)
Where F is assumed to be known function and thgeabquation can written as
Aofm + Alf” + Azf' + A3f + A4 = 0 === (14)
Where
o M2
A,li] = —2F — .

]
]
Ayli] = F
A,[i] = GeyReyo + GryRe, 0 — (F)? — FF’

Equation (10) can be expressed as
Cod +C04+C04+C3=0 --- (15)

Where

Coli] =1

C,[i] = B.f

C,[i] = P.f — SP;
Cli] = B (55) + ReEc(F™)?

And equation (11) can be expressed as

Eq¢ +E;@ +E,¢=0 --- (16)

Where

Eoli] =1

E [i] = S.f

Ep[i] = —Sc(yRey +f)

Using implicit finite difference formulae, the edigms (14), (15) and (16) are transformed to

Bo[i]f[i + 2] + B, [ilf[i + 1] + B, [ilf[i] + B3[ilf[i — 1] + B,[i] =0 - (17)
Where

Boli] = 2A,[il, B1[i] = —6A,[i] + 2hA, [i] + h2A,[i]

B,[i] = 6A,[i] — 4hA,[i] + 2h3A;[i], B3[i] = —2A,[i] + 2hA,[i] — h?A,[i]

B,[i] = 2h3A,[i]

Dylilgli + 1] + Dy [ilg[i] + D, [i]g[i — 1] + Ds[i] = 0

- (18)
Where

Do[i] = Co[i] +hCy (il, D, [i] = —2Cq [i] + hZCZ [i] - hCy [i]

D, [i] = Co [il, Ds [i] = h2C3 [i]

Holi]o[i + 1] + Hy [il[i] + Hy[ile[i— 1] = 0 19

Where

Holi] = Eoli] + hE, [i], Hy [il = —2E,[i] + h?E,[i] — hE,[i]
H, [1] =E, [1]

Here h represents the mesh sizeq direction.

Equations (17), (18) and (19) are solved underhthendary conditions (12) by Thomas algorithm forimas
parameters entering into the problem and computsitieere carried out by using C programming.

RESULTSAND DISCUSSION

A parametric study is performed to explore theaffef magnetic field parameter, Thermal strattfaa Chemical
reaction and Eckert number. In order to get a dlesight of the physical problem, numerical resalts displayed
with the help of graphical illustrations. The effexf magnetic field parameter on dimensionless aigloprofiles
with constant chemical reaction parameter, Eckarlver and thermal Stratification parameters arsquied in
Fig. 1. It is observed that the velocity of theidlWlecreases with the increase in magnetic fieldupater. The
dimensionless concentration profiles for differarslues of magnetic field with constant chemical ctes
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parameter and thermal stratification parameterd@monstrated in Fig. 2. It is seen that the comagah of the
fluid rises with the increase of magnetic paramdtgg. 3 depicts the dimensionless velocity prafifer different
values of thermal stratification parameter with stamt Eckert number, chemical reaction parametitta uniform
magnetic field. It is observed that the velocitytbé fluid decreases with the increase of thernvaltification
parameter. Fig. 4 demonstrates the dimensionlesseotration profiles for different values of thefraatification
parameter with constant chemical reaction paranagtérithe uniform magnetic field. It is seen that tbncentration
increases with the increase of thermal stratificatparameter. The dimensionless velocity profiles different
values of chemical reaction parameter with uniforragnetic field, constant thermal stratification graeter and
Eckert number are depicted in Fig. 5. It is obsértleat the velocity of the fluid decreases with therease of
chemical reaction parameter. The concentrationhef ftuid decreases with the increase of chemicattien
parameter and this is noted through Fig. 6.The d#imless temperature profiles for different valoéshermal
stratification parameter with constant Eckert numlsbemical reaction parameter and the uniform ratigrield
are shown in Fig. 7. It is clear that the temperauf the fluid decreases with the increase ofrtiadrstratification
parameter. The dimensionless temperature profiledifferent values of chemical reaction parametith uniform
magnetic field and constant Eckert number, thestratification parameter are displayed in Fig.t8s keen that the
temperature of the fluid increases with the inceeaischemical reaction parameter. The dimensiortersperature
profiles for different values of Eckert number witihiform magnetic field, constant chemical reactparameter
and thermal stratification parameter are demorestrat Fig. 9. It is seen that the temperature effthid rises with
the increase of Eckert number. The dimensionlespeeature profiles for different values of magndigtd with
constant chemical reaction parameter, Eckert nurabdrthermal stratification parameter are demotestran Fig.
10. It is seen that the temperature of the flis@siwith the increase of magnetic parameter.
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Fig 1: Velocity profilesfor different magnetic parameter Fig 2: Magnetic effect over concentration profiles
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Fig 3: Thermal Stratification effects over the velocity profiles Fig 4: Thermal Stratification effectsover concentration profiles
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Fig 5: Chemical reaction effects over the velocity profiles

Fig 6: Chemical reaction effects over the Concentration profiles
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Fig 9: Viscous dissipation effects over the Temperature profiles

Fig 10: Magnetic effects over the Temperature profiles

CONCLUSION

Due to the uniform magnetic field and thermal #ficattion parameter, the velocity and concentratidrihe fluid
decrease and the temperature of the fluid increagbshe increase of chemical reaction paramétethe case of
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constant chemical reaction and thermal stratificatparameter, the velocity of the fluid decreased the
temperature and concentration of the fluid increasth the increase of magnetic parameter. Due tidfotm
magnetic field with constant chemical reaction paeter, the velocity and the temperature of thalftiecrease and
the concentration of the fluid increases with theréase of thermal stratification parameter. Urttier uniform
magnetic field with constant chemical reaction @nermal stratification the temperature of fluid rieases with
increase in the Eckert number. A comparison ofaiglgrofiles shows that the velocity increasesrriba plate and
thereafter decreases. It is to note that an iner@asnagnetic field leads to a rise in temperaatraslow rate in
comparison to the velocity profiles.

It is hoped that the present investigation of ttuglyg of physics of flow over a vertical surface danutilized as the
basis for many scientific and engineering applaai and for studying more complex vertical problefke
findings may be useful for the study of movementibbr gas and water through the reservoir of iherogas field,
in the migration of underground water and in tHadiion and water purification processes. The ltssof the
problem are also of great interest in geophysidakénstudy of interaction of the geomagnetic figith the fluid in
the geothermal region.
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