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Abstract

In this paper, we examined temperature-dependentialzle viscosity of laminar
flow in a channel filled with porous media. We gtoyed Galerkin weighted residual
method to solve the resulting non-linear equatioithe results show the effects of
viscosity parameter, Reynolds number ,Darcy numied Brinkman number on the
flow system.
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1.0 Introduction

Non-Newtonian fluids have received much attentibant Newtonian fluids in the recent years due te pitactical
importance, rapid development of modern industriaterials and technological applications. The flafwreactive viscous
fluids in porous media presents a theoreticallyllehging problem and has a broad range of scientiichnological and
engineering applications. Real life areas wheren dlmv systems are encountered including dryingaufd, geothermal
energy extraction, nuclear waste disposal, the flwwheat and fluid inside human organs, insulatafnbuildings,
groundwater movement, astrophysical plasmas, magpétodynamic (MHD) pumps and generators, oil arab ¢
production, to mention but just a few applications.

Heat transfer problem of second and third gradidglhhave been studied by several authors: Hayailt [&] considered
partial slip effect on the flow and heat transfeam@acteristics in a third grade fluid. Fosdick &wjagopal [2] performed a
complete thermodynamic analysis of constitutiveatigms for the third grade fluid involving heatrisfer process. Massoudi
and Christie [3] analyzed numerically the flow oftérd grade fluid in a pipe without heat sourceenthe shear viscosity
was assumed to be temperature dependent . OlajiAyeramined the flow and natural convection heatgfer in a power-
law fluid past a vertical plate with heat genenati¥urusoy et al [5],Nadeem et al [6] analytigatbnsidered the effects of
partial slip on a fourth grade fluid with variabléscosity and Makinde [7] employed Hermite-Pade ragjmations to
evaluate thermal radiation effect of inherent iemsibility in a variable viscosity channel flow. B&oudi and Christie [8]
studied the effects of variable viscosity and viscdissipation on the flow of third grade fluidarpipe. Nadeem et al [9],
Nadeem et al [10] examined the influence of heat mass transfer on peristaltic flow of a third arfleid in a diverging
tube.

The fundamental importance of convective flow orqus media has been established in the recenshbmoklield and
Bejan [11], Bejan and Kraus [12], Ingham et al.[88d Bejan et al.[14]. The above studies of freg mixed convection
flow in vertical channels are based on the hypashésat the fluids are non-Newtonian. Moreover, dase of their
technological importance, studies involving frercéd and mixed convection flow of non-Newtoniamghannels are very
important in several industrial processes. Bhargawval. [15] have studied the effects of magnei&dfon the free
convection flow of micropolar fluid between two pHel porous vertical plate.

Furthermore, Lazarus [16] investigated on laminawfin a channel filled with saturated porous mediamidi and
Ayeni [17] examined analytical solution of a steamyn-reacting laminar fluid flow in a channel fdlevith saturated porous
mediawith two distinct horizontal impermeable wadinditions. Yang and Hwang [18] studied a numergalulation of
turbulent fluid flow on the heat transfer charaistizs in heat exchangers fitted with porous mediatis et al.[19]
examined a lattice Boltzmann study of viscous cimgpéffects in immiscible two phase flow in porausdia. Motivated by
the work of Lazarus [16], we considered the effadtreactive variable viscosity model and Brinknmumber on the flow
system.
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2.0  Governing Equations
The basic governing equations are continuity, mdomanand energy equations. Flow of Newtonian fluialsporous

media governed by Darcy’s law P = —(,u/k)u, implying a linear relationship between Darcy fluband the gradient
of the generalized pressurP = p+ pgz, pbeing the pressurg, the vertical coordinate and Brinkman momentum

equation LIP = —(,u/k)u + Uy 0°U.The model parameters which arise from the flostey are Da porous medium

parameter, Reynolds number, Prandtl, Brinkman raurad }; reactive variable viscosity parameter. Numericalutions
are obtained using Galerkin weighted residual nettodifying Brinkman momentum equation we have

ou_ d du ap
—=—| T k 2.1
ot dy['u( )dy} b i~ oz (2.1)
oT __ d°’T du
—=K + 2.2
P (T )(dyj (22)
'Eogether wiih the apprcEJriate bound_ary conditions
u(0,t)=0,u(h,t)=0T(0,t)=T,, T(h,t)=T, t>0 (2.3)
where

K -Thermal conductivityp — Density , K —is the porous medium permeabilitS/p -Specific heat at constant
pressure,

2
M -Dynamic viscosity,,u(—j is the viscous heating effeci -Component of velocity in the vertical directiopy,,

-Effective viscosity , -variable viscosity expansion exponeth, -Initial temperature and it is the reference terapee,T

-Temperature within the boundary laydy,, T,,....T,, - Temperature at the plat@ = ogh,

the above equation is valid in the limit of veryahand very large porous medium permeability.

3.0 Method of Solution
This section is focused on obtaining solutions riegictive variable viscosity flow problem (2.1)-(RQubject to (2.3) as
follows:

From equations (2.1)-(2.2),we consider a reactiaable viscosity (Reynolds model ) of the for,u(T) = U,e
so that Egs. (2.1)-(2.2) becomes

‘V(T'To)

ou _ d _yr-1,) du
- = e y( TO k 31
ot dy{'u ° } bt fhi=35 (3.1)
_ =
pCpa—T=Kd—T + e To(du] (3.2)
ot dy dy
We now introduce the following non-dimensional ahies )
l:y,i:u,g(y,t):g,Da:M, :u_ot,%:C (3.3)
lo 0 1~ o Hy l, 0z

Substituting (3.3) into (3.1)-(3.2) we obtain

B@ — HoUg i|:e—V(T—T0) ij_d;} - U, (#ef /k)u -C (3.4)
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ou_14d| _,,dul u
—= e —|-——-( (3.5)
ot Redy dy| Da
2 2
99 _ id—f + Bre™? du (3.6)
ot Prady dy
where
I 3 A
pr=2e gr=_ Hth | pe=loP c - C | _ fr_T) (37)
K |opCp(T1 _To) Holo lop
We now consider when the flow is steady we obtain
ii e—yﬁ% —L—Cl =0 (3.8)
Redy dy| Da
1d% du’
——— +Bre”’ XM =0 (3.9)
Pr dy dy
The corresponding dimensionless boundary conditions
u(0)=0,u(1)=0,6(0)=0,6(1)=0 (3.10)

We now proceed to solve equations (3.8) and @iB)ect to (3.10) numerically using Galerkin-WeghResidual Method
as follows:

g s
let f :ZZ“AeW ,(0=22:Bie( )”
i=0 i=0

The results are presented in Figures 1-4
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Fig.1: Graph of the velocity functioti for various values oC; = 0.5Re= Da = 1.00f Eq. (3.8).
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Fig.2: Graph of the temperature functiéhfor various values dPr=Br = 1.0 of Eq. (3.9)

e

-100

-200

-300 4 |

-400 4 |

Ihex
— = =20
-500 4 n

- 600 |
- 700
- 300

- 900 - .

Fig.3: Graph of the velocity functiotl for various values of2;, = 0.5Re= 0.1, y; = 0of Eq. (3.8).
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Fig.4: Graph of the temperature functiéhfor various values dPr=Br = 001, j, =0of Eq. (3.9)

4.0 Discussion of Results

The study of flow of non-Newtonian fluids in porousedia is very important due to its wide variefypoactical
applications in processes such as enhanced oWeecérom underground reservoirs, filtration of ywler solutions and soil
remediation through the removal of liquid pollutaid mention but just a few. From Fig.1 the reshltws that the velocity

decreases for negative values J¢f variable viscosity parameter as Reynolds numbdr@arcy number increases. It is
noted from figure 1 that the velocity profile inases for positive values gf; viscosity parameter. From Figs.2 & 4 the

results show that the temperature profile decreasézrandtl number, Darcy number gfid viscosity parameter increases.
From Fig.3 the results show that the velocity peoflecreases as Reynolds number and Darcy nurmmeeases. It is
observed thay/; viscosity parameter has a significant effect anttmperature profile.

Conclusion

We computationally investigated the transient flofva reactive variable viscosity non-Newtonianidldhrough a
porous saturated medium. We observed that tlseeetransient increase in fluid velocity with arrgase in the fluid
viscosity parameter (which decreases the viscosfyl}ransient decrease in both the fluid velocitydaemperature is

observed with increase ijf; viscosity parameter, Prandtl number, Reynolds remabd Darcy number which decreases the
porosity in the flow.

For engineering purpose, the results of this probdee of great interest in petroleum applicationsnareservoir of oil
or gas flows, natural gas production and enhandefdroduction. The flow of the petroleum througtetporous ground
represents an example of the motion of our flugheeially in the motion of the fluid in the eartltsre. Hence, viscosity
parameter and viscous dissipation affects bothvéhecity as well as the temperature of the flowngigantly. We expect
some of the results of this work to be useful fetdf and production engineers in the oil fieldsidgrthe processes of oil
recovery. Finally, the above numerical computatigmmacedure is advocated as effective tool for stigmting several other
parameter dependent non-linear boundary-value @nabl
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