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Abstract

In this paper, a successive approximation methogbiesented to study the steady
flow of a reactive third grade fluid under Arrhenisl kinetics through parallel
isothermal walls filled with non-Darcian porous méadnm. Approximate solutions to
the strongly nonlinear ordinary differential equatins arising from the model are
obtained by using Adomian decomposition method (APpNMarametric study of the
solutions are presented and discussed, including tbonvergence analysis of the
series solution.
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1.0 Introduction

It is an established fact that non-Newtonian fllads quite significant in several industrial anddinel applications. For
instance, in bio-fluid and haematology, buildinglaronfectionery industries, food industries, chexthengineering, bubble
columns, polymer solution etc. It is well known tfdleat the classical Navier-stokes equations aadéquate to describe the
complex rheological properties of some non-Newtorfiaids [1]. In this article, of interest is thieitd grade fluid model that
has the ability to predict the shear thinning/shibarkening of these complex fluids. In the lasifgears, a reasonably good
progress has been made on the third grade fluidruitferent flow conditions.

From application point of view, some of these namaltbnian fluids are highly reactive and could ugdespontaneous
heating even in the absence of naked fire. To ensafiety of lives and properties several studie® feeen conducted. For
instance, Makinde [2] investigated the thermaligality of a reactive third-grade liquid flowingestdily between two
parallel plates in which the reaction is exothermider Arrhenius kinetics. In addition, the reaetikird grade flow through
a cylindrical pipe has been studied in [3]. Makifjdgstudied the thermal criticality for a reactigeavity driven thin film
flow of a third-grade fluid with adiabatic free fare down an inclined isothermal plane. In [5], @mematical investigation
on the effect of convective cooling on a reacthiedt-grade fluid flowing steadily through a cylinckl pipe was performed,
under the assumption that the system exchangenlitbathe ambient. The author assumed the Newtomddireg law and the
reaction is exothermic under Arrhenius kinetics. réiver, Makinde and Chinyoka [6] examined the abfe
hydromagnetic generalized Couette flow and heatsfem characteristics of a reactive variable viggosicompressible
electrically conducting third grade fluid in a clmah with asymmetric convective cooling at the walisthe presence of
uniform transverse magnetic field. In addition, Male and Chinyoka [7] studied the transient probleinGeneralized
Couette flow and heat transfer in a reactive védgiaiscosity third grade liquid with asymmetric emative cooling. It was
assumed that exothermic chemical kinetics tookeplache flow system and the convective heat exghamith the ambient
temperature at the channel surface follow Newtdas of cooling at the isothermal plates. Makindeakef8] examined the
thermal effects in an unsteady flow of a pressuieed, reactive, variable viscosity, and third-ggdtlid through a porous
saturated medium with asymmetrical convective bamndtonditions. In a related study, Okoya [9] studthe thermal
transition of a reactive flow of a third-grade @uwith viscous heating and chemical reaction betwe horizontal flat
plates, where the top plate moved with a uniforeespwhile the bottom plate was fixed in the presesfdmposed pressure
gradient. In addition, Okoya [10] dealt with théeet of dimensionless non-Newtonian coefficientloa thermal stability of
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a reactive viscous liquid in steady flow betweenapal heated plates. He assumed that the liquglismetrically heated
and the flow fully developed. Okoya [11] presendesumerical integration to determine the critigadl &ransitional values of
parameters for steady, reactive, viscous, one diioeal plane Couette flow of an incompressible, bgemeous fluid of
third-grade with the lower plate at rest while thgper is in uniform motion. Okoya [12] consider&eé teactive and fully
developed fluid flow with exponential viscosity afthird-grade fluid flowing between parallel plat@sder the action of
externally imposed pressure gradient. Ajadi [13jestigated the effect of variable viscosity andceiss dissipation on the
thermal stability of a one-step exothermic, reaction-Newtonian flow in a cylindrical pipe by assognegligible reactant
consumption.

In all the above studies, the flow of reactive dhgrade fluid through non-Darcian porous has n@nbievestigated.
However, the study is important in understanding ttynamics of reactive fluid through non-Darciarrqus medium.
Common example can be found in the recovery of heawde oil by in-situ combustion method. In thisrk;, a more
general Darcy—Forchheimer—Brinkman flow model Wil used [14]. Specifically, the objective of thappr is to investigate
the effect of the non-Darcian parameter on thetigadluid flow which was not accounted for in tpeevious models in
literature. To achieve this a computational metbaded on the rapidly convergent Adomian decompuositiethod [15]-
[21] will be used to obtain an approximate solutiorthe nonlinear problem.

The rest of the paper is as follows. Section twespnts the formulation and non-dimensionalizatibthe problem. In
section three, the method of solution is descrivhile section four deals with the discussion oltessbased on the physics
of the problem. Finally, section five contains finramarks.

2.0  Mathematical Formulation

Consider the steady flow of an incompressible, alisg heat generating and reactive third grade fllai through
infinite parallel plates with isothermal temperatditled with non-Darcian porous medium. The flosvinduced by an axial
pressure gradient and the heat generation terssismeed to be an exponential function of temperafitre flow is assumed
to be fully developed hence the governing equatdeyend on only y in the form. Neglecting the raactonsumption the
flow governing equation can be written as [2]'

' 1 2
O=—%+ d°u :33d.l: du’ ﬂ_pbu Q)
dx dy dy k, Kk,
0=k 4T, fau) ey +QC e 2)
dy'2 dy' s °

The additional term in the momentum equatlon is thuéhaniet al [14] which represents Darcian bulk impedance and
guadratic Forchheimer porous resistance respegtiVéle no slip condition for the fluid velocity #te walls together with
the exchange of heat with the ambient at the vialls

u=0T=T, on y=a ®3)
and symmetric condition along the channel centeglirgiven as follows
du’ dT’

=0=— on y=0 (4)
dy’ dy

Where U' - the fluid velocity, T' - the fluid temperaturep' - the pressureﬁ3 - is the material coefficient, k - the thermal
conductivity, kp- is the porous permeability of the channg,- is the fluid density,b- is the term representing the

quadratic porous resistancg, - is the dynamic viscosityC, - is the initial concentration of the reactant spe® - is the

universal gas constanf) - is the heat of reactionA - is the rate constant arld - is the activation energy. Introducing the

following dimensionless variables
E

. 2 - 2~ ART,
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we obtain the following problems

d?u d2u(du)’ du
+6y—| —| —-P —HZIO;—O:O: 1

2
d 9+/1e1+55+a )1, g ) =0:%%0)=0=00) @
dy? dy dy dy

here y - is the dimensionless third grade material patamel - is the frank kameneskii paramete?,- viscous heating

parameter @ -is the dimensionless temperatutksis the dimensionless velocity afd activation energy.

3.0 Method of Solution
The Integral form of (6) and (7) leads to

u(y):aO+J¥H—G+Pu+Hu2— ydzu(duj }deY (8)
0 dy?dY

yy (4
= bO IJ. Ael+£5 + a’( duj [1 ZV( duj J dydy 9)
0% dy

where the unknown constan&b,b0 will be determined using the other boundary caod#. To obtain the approximate
solution of the nonlinear equations (8) and (9),assume series solutions in the form

u=>u,,6=>4, (10)
n=0 n=0
so that using (10) in the integral equations (§)i€@ds to the following recursive relations
=a, + I I G )dydy
(11)

jj Pu, +QA, ~6/8,Jdydy n=0

the zeroth component of (9) divided into two, td ge

6 (Y) =D,
2 (du) du)’
o\y)=—||1al— | |1+2— | |+ AC, dYdY 12
(y) M{ (de( {dej 0} (12)
yy
6,..(y) = - [ AC,dvdY n=1
00
d?u( du . . . .
whereA=u? B = de d_Y and C = e are the nonlinear terms that can be evaluatedgusia Adomian
polynomials
A, =Ug
Ai = 2u0ul

(13)
AZ = 2uOUZ + ujl.2
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_d?u, (duoj2
B, = > | =
dy< \ dY

B _2d2uO du, \( du, +d2u1 du, )
Yomdy?ldy Ady ) dy?ldy (14)
B, = d?u, (dulj2 +2dzu0 (du0 j(du2j+2d2u1 (duoj[duljJr d?u, (duoj2
dy? \ dy dy? \ dy \ dY dy? { dy A\ dy dy? { dY
and
%
Co - e1+£45'0
8
C = 91 - el+590
(L+ed,) (15)
 _{ize-aakr e esn) 5
i A1+e6)

summing up the iterations, the approximate solufiwrihe velocity distribution is obtained as thertal sum

u:iun,e:ien (16)
n=0 n=0

where q, | are truncation point.

4.0 Results and Discussion
In this section, the effect of variations in flowrpameter of the flow structure is conducted. Tauenshe accuracy of the

solution, a perfect agreement is observed betweepresent result and that obtained in Makinde&nP =H =41 =0

—0.5

Figure 1:- Effects of non-Newtonian parametefloia velocity
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Figure 3:- Forchheimer effects on fluid velocity
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Figure 4: Effects of Frank-Kameneskii-parametefloid temperature.
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Figure 5:- Effects of Darcian porosity on flughtperature
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Figure 7: - Effects of viscous dissipation onidltemperature
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Figure 8: - Effects of activation energy on flughtperature
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Figure 9: - Effects of non-Newtonian parameterlaidftemperature.

Parametric study of the solutions can be conduébedohysical parameters like third grade mater'rﬁéc&(y),
Darcian bulk impedan((eP), Forchheimer porous resistance ef(dfdt), Frank-Kameneskii parame(e?r), viscous

dissipation/ heatin(ﬂ) and activation energ{\;). Figure 1 shows the plot of variations in non-Newi@n material effect.

As observed from the graph, an increase in theNwmtonian material effects decreases the velocayimum due to the
thickening of the fluid. Figure 2 depicts the effe€Darcian parameter on the flow. From the resuis observed that as the
porous permeability of the channel increases ttgereduction in the fluid flow maximum. Figure 3oresents the effect of
Forchheimer parameter on the fluid flow velocitystllike the Darcian parameter, the result showas @i increase in this
parameter decreases the flow velocity maximum.

Figure 4 shows the plot of Frank-Kameneskii patemen the fluid temperature. The result shows émaincrease in
the Frank-Kameneskii parameter increases the teiperature due to reduction in the fluid thermahductivity. As
observed in Figures 4-6, an increase in the fluiddr and quadratic Darcian parameter decreasefuidetemperature
within the channel. Figure 7 addresses the vanatio the viscous heating parameter. As observenh tthe graph, an
increase in the viscous heating parameter incraaseuid temperature within the channel. Thiglige to the fact that the
kinetic energy of the moving fluid is convertedinternal energy. Figure 8 shows the effect of atibn energy on the fluid
temperature. The decrease in the fluid temperatbserved in the plot is due to rise in the dynawiscosity of the fluid.
Moreover, figure 9 shows the effect of the non-Nmnidn material effect on the fluid temperature. Tésult shows that an
increase in the parameter decreases the fluid tetype. This is physically true due to rise in thaamic viscosity of the
fluid.
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5.0 Conclusion

The objective of the present study is to obtairmpproximate solution of a strongly nonlinear bougdaalued problem
by using successive approximation technique basedomian decomposition method. The main contrdoutp knowledge
is that decreasing porosity leads to increaseemtn-Darcian porous medium parameters. This haeasing effect on both
the flow velocity and temperature maximum withie thannel. In conclusion, the method is a promisinglytical method
for handling strongly nonlinear boundary-value peol. Area of future research on the work includbsymal run away,
disappearance of thermal criticality and multigicdf solution.

References

[1]. S. O Adesanya, Thermal stability analysis efative hydro-magnetic third grade fluid througtclannel with
convective cooling. Journal of Nigerian MathemdtBaciety, 32(2013) 61- 72

[2]. O. D. Makinde, Hermite-Padé approximation aygwh to thermal criticality for a reactive thirdage liquid in a
channel with isothermal walls. International Comications in Heat and Mass Transfer 34 (2007) 870--87

[3]. ©O.D. Makinde, Thermal stability of a reactitiérd grade fluid in a cylindrical pipe: An explation of Hermite—Pade”
approximation technique, Applied Mathematics andn@otation 189 (2007) 690-697

[4]. O.D. Makinde, Thermal criticality for a reaa gravity driven thin film flow of a third-gradituid with adiabatic free
surface down an inclined plane, Appl. Math. Med&ngl. Ed. 30(3), (2009) 373-380

[5]. O. D. Makinde, Analysis of Non-Newtonian Reaet Flow in a Cylindrical Pipe, Journal of Appliddechanics,
034502-1 -034502-5 (2009)

[6]. O.D. Makinde and T. Chinyoka, Numerical stugfyunsteady hydromagnetic Generalized Couette fibw reactive
third-grade fluid with asymmetric convective cogljrComputers and Mathematics with Applications B21() 1167—
1179

[7]. T. Chinyoka and O.D. Makinde Analysis of traarg Generalized Couette flow of a reactive vagaliscosity third-
grade liquid with asymmetric convective cooling, thematical and Computer Modelling 54 (2011) 160-174

[8]. O.D. Makinde, T. Chinyoka, and L. Rundora, téaly flow of a reactive variable viscosity non-Nemian fluid
through a porous saturated medium with asymmetiovective boundary conditions, Computers and Mati@s
with Applications 62 (2011) 3343-3352

[9]. S. S. Okoya, On the transition for a genemlifouette flow of a reactive third-grade fluid lwitiscous dissipation.
International Communications in Heat and Mass Tear5 (2008) 188-196.

[10]. S. S. Okoya, Thermal stability for a reactitiscous flow in a slab, Mechanics Research Comaatioins 33 (2006)
728-733

[11]. S. S. Okoya ,Criticality and transition foisgeady reactive plane Couette flow of a viscouilfIMechanics Research
Communications 34 (2007) 130-135

[12]. S. S. Okoya, Disappearance of criticality feactive third-grade fluid with Reynold’s modelseosity in a flat
channel, International Journal of Non-Linear Medbad6 (2011) 1110-1115

[13]. S. O. Ajadi, A note on the thermal stabili§ a reactive non-Newtonian flow in a cylindricape, International
Communications in Heat and Mass Transfer 36 (268958

[14]. F. Khani, A. Farmany, M. Ahmadzadeh Raji, Abd\ziz, F. Samadi. Analytic solution for heat tsfr of a third
grade viscoelastic fluid in non-Darcy porous medigh thermophysical effects. Commun Nonlinear Scinier
Simulat 14 (2009) 3867-3878.

[15]. S. O. Adesanya, Linear Stability analysisaoPlane-Poiseuille Hydromagnetic Flow Using Adomizetomposition
Method U.P.B. Sci. Bull., Series A, Vol. 75, 1s$(2013) 99-106

[16]. R. Rajaram and M. Najafi, Analytical treatmh@md convergence of the Adomian decomposition atktbr a system
of coupled damped wave equations, Applied mathesatid Computation, 212, 72-81 2009

[17]. M.M Hosseini and H Nasabzadeh, On the corsmerg of Adomian decomposition method, Applied maidwics and
Computation, 182, 536-543, 2006

[18]. S. O Adesanya, Steady magnetohydrodynamapwidastic heat generating/absorbing slip flow witermal radiation
through a porous medium, International Journal edt-hnd Technology, 20120; 69 — 74

[19]. S. O Adesanya, Hydrodynamic Stability Anaty$dr Variable Viscous Fluid Flow through a Porddedium using
Adomian DecompositionTo Appear in International Journal of Differential Equatioasd Applications,

[20]. A. M. Siddiqui, M. Hameed, B. M. Siddiqui, &. Ghori, Use of Adomian decomposition method he study of
parallel plate flow of a third grade fluid, CommbNenlinear Sci Numer Simuldt5 (2010) 2388—-2399

[21]. S. O. Adesanya and O. D. Makinde, Heat Trantf Magneto-Hydrodynamics non-Newtonian Couptesst Pulsatile
Flow between two Parallel Porous Plates Zeitscfudt Naturforschung 67a (2012) 647-656

Journal of the Nigerian Association of Mathematic&thysics Volume 25, No. 2 (November, 2013), 25 — 32

32



