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Abstract

This paper presents a boundary layer flow analysis for a viscous,
incompressible, electrically conducting reacting fluid over a stretching sheet
in the presence of a magnetic field. It is shown that the Hartmann, Prandtl
and the Eckert numbers have effect on the velocity and temperature fields.
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1.0  Introduction

Recently Ayeni [1] investigated the boundary layer flow charactesisfia reacting fluid
in the presence of a magnetic field. The fluid is viscous andlibet is stretching he obtained
some interesting properties of the flow. However, he negledsedus dissipation and quadratic
term in velocity

The thesis of Ayeni [1] extended the paper of Makinde and GbolagjafHagdsumed only
a heat source, no viscous dissipation and they also neglectgdattiatic term. Their numerical
results form only part of [1]. Also, recently Jat and Chaudf@rgxamined MHD flow and heat
transfer over a stretching sheet .The fluid is not reattiniche included viscous dissipation and
the quadratic term.

Flow and heat transfer of an incompressible viscous fluid over a stretchindabedde
important applications in several manufacturing processes .Stutlhe of heat transfer and flow
field are necessary for determining the quality of the fmatucts of such processes [10] .Crane
[4] studied flow over a linearly stretching sheet in an amblaitt and gave a similarity solution
in closed form for the two dimensional problem.
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Gupta and Gupta [7], Carrgher and Crane [3], Dutta et al [6anCIM],Magyari and
Keller [9,10], Mahapatra and Gupta [11,12] studied the heat tramsfehe steady two
dimensional stagnation point flow of a viscous incompressibletdiéan viscoelastic fluids over
a horizontal stretching sheet assuming a constant surface temperature

In this paper we carried an investigation into a fluid flowroaestretching sheet for
which the Arrhenius reaction law applied. We further assuseous dissipation and quadratic
term in the velocity.We determine the criteria for exiseenf a solution and the problem was
solved numerically.

2.0 Mathematical formulation
The appropriate continuity, momentum and energy equations are:

u, ov_g (2.1)
ox ady

Uu—+v—=v——>- u (2.2)

E
2 2 2112 -—
ug_T+Va_T: aa 12- +L(ﬂ] +J/'[e Ho u? + QA e RT (2.3)
X 0y dy° pc,\dy pc, PCp
The boundary conditions are:
y =0, u=u,=ax,v=0T=T,
(2.4)

y =oo,u= 0T =T,

where H, is magnetic field y is the kinematic viscosity,is the dynamic viscosity//,is the

magnetic permeabilityg is the electrical conductivitya, is thermal diffusivityp is density of
fluid, c,is specific heat at constant presstrés temperaturey andv are velocity components

alongx andy axes respectivel\Q is heat release per unit massis the pre-exponential factor
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andE is the activation energy, while a is a constant. FollowingW&]seek self similar solutions
of form

u:axf'(n),v=—x/§f(/7),f7=\f%y

T-T. _ RT.
e(n)= , 0=
T, -T. E
We obtain
£ o f2 4 f =H2E (2.5)
6
Pie"+fe‘+ Eq(f")? +H2Eq(f )2 + 5 T 0O (2.6)
[
f0) =0,f (0)=1f (o) =0, 60) =16(0)=0 (2.7)
where

Ec = Eckert numberd, = Hartman numbe = Frank-kamentskii number
Pr = Prandtl number

3.0 Method of solution
As shown in [13]

—am
f=17© (3.1)
m
wherem® = 1+ H?, we are left to solve equation (2.6) subject to
6(0)=1 6(w) =0 (3.2)

Theorem 3.1

Problem (2.6) which satisfies (3.2) has a solution. The solutionidgie if &'(0) = a is
fixed.

To prove theorem 3.1 we need the following theorem due to DearidkGrossman.
Consider the initial value system,

X; = fl(xl""xn,t)’ X1 (t,) = Xgo

X, = fz(Xl,...Xn’t), X, (t,) = Xy (3.3)

X=f (XX t), X () = X
Theorem 3.2
(Derricks and Grossman) [5] If the partial derivatives @ontinuous and bounded in the
region D of definition, then problem (3.3) has a unique solution. We now prove otgrthe
Proof

Lety,=n,Y,=f(7),y;=6,y,=f ,ys=6,ys=f , then
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Yy =1=1 (Y10 Ye) ¥2(0) =0
Yo=Ya = (Y10 ¥6), ¥,(0) =0
Ys=Ys = f3(Y1r:Y6), ¥5(0) =1
Ya = Y6 = Ta(¥iYe), ¥4 (0) =1

2 Y3
-1+ Ha/7 Y5

yo=-Pl—25_|1-e +Ecy; +H2Ecy; + e |when a =1

= (Y- Ys), Y5 (0) = G (tobedeterminedbutfinite)

2 Ye —J1+H2y, 2 _ . .
Yo =Y ——(1—e e )+Hay , ¥ (0) = J(tobedeterminedbutfinite)
6 4 m 41 )6
of . .
Clearly, a—',l,j = 1...6 are continuous and bounded hence the problem has

j
solution. When G and J are fixed, the solution is unique.

4.0 Numerical solution

We plot the graphs @f(n), f(n) for various values of the parameters. Of particular interest
is the fact thab(n) when compare with results obtained by Jat and Chandhary [8], has

a maximum in the interval0, ) for some values of the parameter as shown in figure 4.1, figure

4.3, figure 4.4, figure 4.5 and figure 4.6 . A rigorous proof of the phenomsrtbe isubject of
another paper.
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Figure 4.2 The graphs showsagainsty at various values of infinity and for various Ha
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Figure 4.3 The graphs show#(s) against at various values of infinity and for various Ha
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Figure 4.4: The graphs showd againsty at various values 'infinity and for various
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Figure 4.5: The graphs sho® againsty of various values of infinity and for
various of Pr
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Figure 4.6 The graphs sho@ against of various values of infinity and for
various of Ec
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