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Abstract

This paper studies the steady flow of a reacting temperature-
dependent viscous incompressible fluid past an infinite vertical porous plate,
with the flow generated by Newtonian heating and impulsive motion. The
resulting momentum equation is non-dimensionalized and the solution is
obtained numerically by shooting method. A parametric study of all involved
parametersis conducted and illustrated graphically.
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1.0 Introduction
The study of fluid flow through porous channel lgagned the attention of many researchers in fluid

mechanics due to its importance in many real |fpliaations like the bio-circulatory systems, gdosgics and
engineering to mention a few. Also the study ofwflof fluids whose viscosity depends of temperatigre
important in many physical problems too such aw ftd crude oil in porous medium, flow of engine wilcar
engines, flow of air over the aerodynamic surfaaesehicles and air planes. However, the viscosftfluids

like water, benzene, and crude oil reduces witheiaging temperature while it is also important aterthat the
viscosity of gases like air, helium, or methaneréases with temperature (Attia, 2006 [3]). It héso deen
established that viscosity of some fluids depenmibath pressure and temperature (Adesanya and A3@08

[1]).

Heat transfer to viscous fluid flow is important iimcreasing the flow velocity since it reduces the
viscosity. The safety of lives and property durftay of many combustible is highly important becadarge
amount of heat is released. This can also affecthality of the product during highly reactiveviloin such a
case the flow through porous channel can allowstmtion and injection in order to control the hefteaction.
The influence of plate porosity on the flow profigeevident in the work of (Eldabe et al, 2003),aftihde and
Osalusi, 2006 ), (Osalusi and Sibanda, 2006).

The Newtonian heating has been used in convecta¢ thansfer, recently (Chaudhary and Jain, 2006
[4]) presented the exact solution to the unsteasly €onvection boundary-layer flow past an impuaélsistarted
vertical surface with Newtonian heating by Lapla@ssforms technique. (Merkin, 1994 [9]) considetkd
steady free-convection boundary-layer over a varfiat plate immersed in a viscous fluid, alsoghie et al,
1999 [7]), (Ibid, 2000 [5]) and (Lesnic et al, 20[13) also considered the steady free convectioarti€al and
horizontal surfaces embedded in a porous mediuerdifds and Takhar, 1986 [10]) studied the freevemtion
effects on flow past a moving vertical infinite pas plates.

All the studies mention above deals with constastosity for free convection. In the present paper,
shall investigate the flow when viscosity dependstemperature and flowing through a porous vertidate
with Newtonian heating, we in addition assumed thatfluid further reacts and the viscous dissgraterm is
neglected. The paper is organized in three sectiorsection 2 the problem is formulated, non-disienalized
and solved while section 3 of the work comprisethefdiscussion of result and some concluding rlesnar
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Nomenclature g- Magnitude of acceleration due to gravity,
u - Velocity, k- Thermal conductivity,

To - Ambient temperature, G - Heat variation parameter,

T - Temperature, S- Plate porosity,

C, - -Specific heat,

p - Pressure, Greek symbols

« - Dynamic viscosity,
A - Viscosity variation parameter,
p - Density of the fluid,

Q - Heat per unit mass during reaction,
E - Activation energy,

R - Universal gas constant. 0 - Dimensionless temperature,
x- Cartesian coordinate along the plate, B - Coefficient of volumetric expansion,
y- Cartesian coordinate normal to the plate, ¢ - Dimensionless velocity,

Pr — Prandtl number,

2.0 Mathematical analysis

The steady flow of a viscous fluid past an impudspvstarted porous plate with Newtonian heating is
considered, the x-axis is taken along the platéénvertical upward direction and the Y-axis is €1 normal to
the plane. The plate is given an impulsive motiothie vertical upward direction against gravitadibfield with
a characteristic velocity, the viscous becomes fully developed steady stat®us flow after a certain instant

of time.
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Figure 2.1

The fully developed flow of temperature dependduidfdescribed above is governed by the Navier-&$ok
equation.
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The boundary conditions are
t<0:u”=0, T’=T, O y°
t>0:u"=U,, T"=T, at y’=0 (2.3)
u’=0, T'=T, as y’ - o
Introducing the following non-dimensional paramster
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With the help of (2.4) the governing equations wite boundary conditions (after dropping bars) bee®

99,597-9 exp( A j"l’ +GO @5)
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With the appropriate boundary conditions

t<0:¢=0, =0, 0O vy
t>0:¢=1 =1 a y=0 .7)
1/ 0, @ - 0as Yy - o
0
Takingg =0 and droppinga since we are interested in the steady state ealwthich is independent of

time, we obtain a system of second order ordindfgréntial equations.

dp_d expwd—‘” +GO (2.8)
dy dy dy
dg 1 d%0
— = (2.9)
dy Prdy?

¢=1 6=1 a y=0
@ - 0, 6 - Oas Yy - ®©
Then energy equation (2.9) is uncoupled from thener@tum equation (2.8) and solved analytically Q(ry)

with the specified boundary condition (2.10) to get
Py _ g2Prs

= W (2.112)

(2.10)

Then the momentum equation becomes

ePrS/_eZPrS ePrS/_EZPrS]

2 A Prsy Pry _ @2PrS  -A| ———5s—
atp [ 7wt _aprems I dp ey et T 212
dy ‘1—e j dy l-e

The above equation is a non-linear differentialagigun which we solve numerically by
using shooting method, setting,

=Y, X =@ X =¢ (2.13)

we obtain,
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Xy = Xg (2.14)
ePrS<i_92F’rS ePrS<1_e2PrS
’ _/1{ — ] 2 Pr(Pr+ epr) & _c ePrSu _ g2Prs _A[il—e”"s ]
e _ a2Prs 3 _ A2Prs €
l-e l1-e

x
W
1

With x;(0) = 0,%,(0) = 1,%x(2) = 0,x%3(0) =D, whereD is the guess value set to mqém) - 0. Then equation
(2.11) is then iterated using improved Euler Rukgita Scheme together with a suitable Pascal code.

3.0 Discussion and conclusion

In order to give a valid discussion of our resule have taken values of Prandtl number as 0.71, 1.0

and 7.0 which corresponds to air, electrolyte amdewrespectively. For the numerical validationoaf work,
we have takeh =-1,G = 1.

Pr=1

Temperature

Figure 3.1 Temperature profiles for different values of S

————— Pr=0.71
-x-Pr=1

127 ——pr7
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Figure 3.2:- Temperature profiles for various Prandtl number
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Figure 3.3- Velocity profiles for different values of the &ion parameter.
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Figure 3.4: -Velocity profiles for different valuesof Prandtl number

The temperature profiles are presented, in figutetBe effect of plate porosity is shown and feg@r2
shows the temperature profile for different Pramdtinber. Figure 3.3 shows the variation of the sigjyqprofile
with the plate porosity and in figure 3.4, the ity profiles at different Prandtl number is pretseh

We have studied the steady flow of temperature-oidget viscous fluid past an impulsively started
porous plates with Newtonian heating, Graphicalltsshave presented and discussed.
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