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Abstract

The reacting system of variable viscosity on MHDx@dl convection over a stratified porous wedge heenb
studied in the presence of suction or injectione Wall of the wedge is embedded in a uniform Dargarous
medium in order to allow for possible fluid wallction or injection and has a power-law variatiortioé wall
temperature. An approximate numerical solutiortlier steady boundary-layer flow over a wall of thedge has
been obtained by solving the governing equationlyéinally and with the help of a computer program
(MAPLE).

The results were illustrated graphically and neagssonclusions were derived.

Keywords. Reacting system, Variable viscosity, Magneto hggiramics (MHD), Mixed Convection, Porous
Wedge, suction, injection, power-law, boundary tafj@w.

1. Introduction

Mathematics is a body of knowledge that deals withcepts such as quantity, structure, space, cramdjalso
the academic discipline that studies them. It iswedl referred to as “the science that draws neugss
conclusions”. The viscosity of a magneto hydrodyitaftid is influenced or altered by changing theues of
some crucial parameters. Many Practitioners of gratitics have made their contributions towardsdhés of
fluid dynamics. Mixed convections induced by thensltaneous action of buoyancy forces resulting from
thermal diffusion is of considerable interest inuna and in many industrial applications such asppgsics,
oceanography, drying processes, and chemical exgige Ariel (1994) has considered the stagnatioimip
flow of electrically-conducting fluids in the presm of large transverse magnetic field strengthsgiently the
transformations proceed in a moving fluid, a situaencountered in a number of technological fieldgecent
investigations, Chambre and Acrivos (1956) analyrzathlytic surface reactions in hydrodynamic flows.
Falkner-Skan transformation is used to reduce baynldyer equations into ordinary differential etjoas for
similar flows. The solutions of the Falkner-Skaruatipns are sometimes referred to as wedge-flowtisols
with only two of the wedge flows being common iragtice. Recently, MHD laminar boundary layer floweo

a wedge with suction or injection had been disalidge Kafoussias and Nanousis (1997) and Kumari 199
discussed the effect of large blowing rates ondteady laminar incompressible electrically conchgetiluid
over an infinite wedge with a magnetic field apgligarallel to the wedge. Here in this research wamk are
interested in checking for the effect of alteringe treacting term Q, and the Prandtl number Pr, hen t
temperature of the fluid.
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2. M athematical For mulation

Figure 1. Flow Analysis along the Wall of the Wedg

Two dimensional MHD laminar boundary layer flow afi incompressible, viscous, electrically conducting
double diffusive and Boussinesq fluid over a wallte wedge with suction or injection is considerkelt the x-
axis be taken parallel to the wedge and y-axisakert normal to it as cited in figure 1. A uniforrartsverse
magnetic field of strengtte,. is applied parallel to the y-axis. The fluid isased to be Newtonian; electrically
conducting; non-linear variable viscosity and itegerty variations due to temperature are limitedensity and
viscosity. The density variation and the effectstlod buoyancy are taken into account in the monmentu
equation. Since the magnetic Reynolds number i simall for most used in industrial applicationg assume
that the induced magnetic field is negligible.

Mathematical representations of the problem are:
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The boundary conditions are:
u=0v=v,T =T, aty=10 =)

u=Ul), T =T, 0 =1 - Ty + 0T, ) aty— oo (4)
where n is a constant which is the thermal stratifon parameter and is such that @ < 1. Then defined
above as thermal stratification parameter, is etpad/(1+m;) of Nakayama and Koyama (1989), Anjali Devi
and Kandasamy (2001), whareg is a constant. glis constant reference temperature §ay0). The suffixes w
andw denote surface and ambient conditions. Follovitmg lines of Yih and Bansal (1998), the following
change of variables are introduced

Plxy) = 222 flan) ®)

1+t

nlz.y) = Jf% (6)

wherer, is the effective thermal diffusivity of the poromedium(:x, = k—"‘) wherek, is the porous medium
ac

effective thermal conductivity. The variations\i$cosity are written in the form of <= = g=%# wherep; is

Mo

the viscosity at temperatufig, and: is the viscosity parameter.

Under this consideration, the potential flow vetpaan be written as
0lx) = Ax™g, = 2o @)

L+t
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where A is a constant arffis the Hartree pressure gradient parameter the¢spondsto  f§; = - for a total

anglell of the wedge. The wall temperature is assumedate fpower-law variation forms as shown by the
following equations:
Tw = T+ =¥
Wherec; is constant and is the power of index of the wall parameter. Thadl wemperature is assumed to have
the power index. The continuity equation (1) Ls satisfied by gteeam function(x,y) defined by

Gy

— B
=g vE - 8

3 M ethod of Solution

To transform (2) and (3) into a set of ordinaryfetiéntial equations, the following dimensionlessialales are
introduced

g = % (temperature vorinble) 9)
Pr = == ?@rmﬂdtlﬂum&wj (10)

o

2
M= %{mngﬂeticpmmmetw] (11)
2

Fr = c—m{Eckwtﬂumhgﬂ (12)

Ep T =T (k2 0T—m
A= :—; (Dimmenzionless porous mediwn poremeter) (13)
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The boundary conditions are:
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We definef = kx = as the dimensionless distance along the wedge [).in these system of equations
FLE.n)is the dimensionless stream functé(E, #1 be the dimensionless temperatute; the Prandtl number
etc. which are defined above. The parameter inglithé indicates the dimensionless distance alang/¢tdge is
(¥ = 0). It is obvious that to retain tHederivative terms, it is necessary to employ a mizakscheme suitable
for partial differential equations for the solutioim addition, owing to the coupling between adjacgtream
wide location through thé-derivatives, a locally autonomous aolution, at given stream wise location cannot
be obtained. In such a case, an implicit marchimgnerical solution scheme is usually applied prooeethe
solution in thef-direction, i.e., calculating unknown profiles faf, when the same profiles &t are known.
The process starts &t=0 and the solution proceeds frofy to 4y but such procedure is time
consuming.

However, when the terms invoIvirféand:—iand theiry derivatives are deleted, the resulting systengagéons

resembles, in effect, a system of ordinary difféerequations for the function and & with £ as a
parameter and the computational task is simplifiddus, we have
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thus, we arrive at
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the boundary conditions are
2
n=0 - fl0l=——5  g(0=0  s0)=1

l+m
n—oy flw)=1 6lwl=0 (20)
we now substitute the values for the constants
E. =0.001, = 0.0909, M? =1.0,n= 05 =0.7,F=0Lk=0580=1e=01
6" = —0.650838757F 6"+ 0.650838757 F'6 — IZI.IZI3'.3H31¢1‘?5EIIZI'?J‘i"'2 — 0.273705129¢8
If we assume the value of 1.2ftovhich implies thajf'also becomes zero

4, Results and Discussion

Figure 2 and Figure 3 illustrate the relationshépAeent andy as we vary the two parameters Q (reacting term)
and Pr (Prandtl number).

Figure 2: depicts that increase in the reacting term caas@sresponding decrease effect on the temperature.

Figure 3: shows that increase in the Prandtl number impliesrresponding decrease in the temperature.

5. Conclusion and Recommendation

51 Conclusion

In this paper work, we have studied the effect i teacting term of variable viscosity on MHD mixed
convection over a stratified porous wedge platee Governing equation was approximated to an orginar
differential equation by some basic transformatiohsimerical calculations were carried out for two
dimensionless parameters of the problem. The sesu# presented graphically and the conclusioreisiy
drawn that the flow field and other quantities diypical interest are significantly influenced byedk
parameters.

We therefore conclude that, for a magneto-hydroadyin viscous fluid:

(i) The temperature varies with respect to the vary@agting term (increase in the reacting term caases
corresponding decrease effect on the temperature).
(ii) Increase in the Prandtl number implies a corresipgndiecrease in the temperature.
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Thus, the reacting term and the Prandtl number effict a change in the temperature of a magneto
hydrodynamic viscous fluid.

5.2 Recommendation

We therefore recommend that to effect a changbartémperature of a viscous fluid, the Prandtl nemand a
given reacting term could serve as essential fadtmibe considered for increase or decrease deyugendi the
choice of the individual performing the experiment.
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Nomenclature

BZ is the strength of the magnetic effect.

u,v are the velocity components in x and y directiespectively.

U is the flow velocity of the fluid away from theedge

G is the acceleration due to gravity.

B is the coefficient of volume expansion.

K is the permeability of the porous medium

T is the temperature of the fluid

Ty is the temperature of the wall.

T.. is the temperature of the fluid far away from tedl, # is the density of the fluid.

7 is the electric conductivity of the fluiek is the thermal diffusivity, Q is the reacting term
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Table 1: Relationship between #(temperature variable) and #(position) where Q (Reacting term) isvaried
at constant Prandtl number (0.71)

B B B
Am Q=10 Q=05 Q=025
0.000 | 1.0000000000]  1.000000000  1.0000000000
0.001 | 0.9999998632|  0.999999932  0.9999999660
0.002 | 0.9999994529 | 0.999999726  0.9999998635
0.003 | 0.9999987692 | 0.999999384  0.9999996928
0.004 | 0.9999978126 | 0.999998907  0.9999994539
0.005 | 0.9999965831 | 0.999998291]  0.9999991460
0.006 | 0.9999950810 | 0.999997540  0.9999987711
0.007 | 0.9999933064 | 0.999996653  0.9999983272
0.008 | 0.9999912597 | 0.999995629  0.9999978154
0.009 | 0.9999889408 | 0.999994470  0.9999972357
0.010 | 0.9999863503 | 0.999993175  0.9999965882
0.011 | 0.9999834882 | 0.999991744  0.9999958720
0.012 | 0.9999803547 | 0.999990177  0.9999950891
0.013 | 0.9999769502 | 0.999988475  0.9999942375
0.014 | 0.9999732745| 0.99998663§  0.9999933184
0.015 | 0.9999693282 | 0.999984664  0.9999923327
0.016 | 0.9999651114 | 0.999982555  0.9999912786
0.017 | 0.9999606244 | 0.999980312  0.9999901560
0.018 | 0.9999558672 | 0.999977934  0.9999889671
0.019 | 0.9999508401|  0.999975420  0.9999877098
0.020 | 0.9999455433|  0.999972771  0.9999863863
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Table 2: Relationship between #(temperature variable) and #m(position) where Prandtl number isvaried at
constant Q (Reacting term = 1.0)

& ] ]

A7 Pr=0.61 Pr=0.71 Pr=0.95
0.000 1.0000000000 1.0000000000 1.0000000000
0.001 0.9999998824 0.999999863p 0.9999998169
0.002 0.9999995299 0.9999994524 0.9999992641
0.003 0.9999989426 0.9999987692 0.9999983537
0.004 0.9999981205 0.999997812¢ 0.9999970743
0.005 0.9999970639 0.9999965831 0.9999954301
0.006 0.9999957728 0.999995081( 0.9999934217
0.007 0.9999942476 0.9999933064 0.9999910492
0.008 0.9999924884 0.9999912597 0.9999883134
0.009 0.9999904954 0.9999889404 0.9999852142
0.010 0.9999882686 0.9999863503 0.9999817525
0.011 0.9999858080 0.9999834887 0.9999779281
0.012 0.9999831143 0.9999803547 0.9999737417
0.013 0.9999801871 0.9999769502 0.9999691938
0.014 0.9999770269 0.9999732745 0.9999642846
0.015 0.9999736337 0.9999693287 0.9999590144
0.016 0.9999700077 0.9999651114 0.9999533837
0.017 0.9999661491 0.9999606244 0.9999473930
0.018 0.9999620581 0.9999558677 0.9999410423
0.019 0.9999577345 0.999950840(1 0.9999343325
0.020 0.9999531790 0.9999455438 0.9999272635
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Figure2: Thegraph of B(temperature variable) against #(position) at varying Q (reacting term).
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Figure3: Thegraph of B(temperature variable) against #(position) at varying Pr (Prandtl number).

42



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/journals/  The IISTE
editorial team promises to the review and publish all the qualified submissions in a
fast manner. All the journals articles are available online to the readers all over the
world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e BSCO INDEX@ COPERNICUS
ros INFORMATION SERVICES DN RSN B LI AR

@ vmensyize sourmaocs @

£z Elektronische
@0® Zeitschriftenbibliothek

open

GEORGETOWN UNIVERSITY

LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

