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Abstract

This paper examines the steady-state solution of a laminar falling
liquid film with variable viscosity along an inclined heated plate. The
existence and uniqueness of solution to this problem was investigated and it
was found that the problem has a unique solution. Numerical solution via
shooting techniques were employed in tackling the non-linear coupled
momentum and energy balance equations. The Brinkman number (1) and
variable viscous parameter (B) play a prominent roll in the construction of
the numerical solution .The velocity and temperature profile of the liquid film
aredisplayed in graphs.
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1.0 Introduction

The study of laminar flow has attracted the intexds many scientist in recent times. Pearson[@nexed
unsteady variable viscosity channel flows with higfat generation while Ockendon [5] investigatesl steady
case. Ayeni [2] investigated the thermal runawayasfable viscosity flows between concentric cyémsl it was
assumed that the inner cylinder rotates with arulangvelocity under some tangential stress whike dliter
cylinder is immobile .

Recently, the second law analysis of heat trarsfféaminar falling liquid film of constant viscogit
along an inclined heated plate was investigated NJ@kinde and Osalusi [4] examined the entropy geign
rate in a laminar flow through a channel filled lwgaturated porous media, they assumed that ther sppface
of the channel is adiabatic and the lower walldsumed to have a constant heat flux, Brinkman muodsl
employed, velocity and temperature profiles araioled from large Darcy number and it was used tainlthe
entropy generation number and irreversibility rathalesanya and Ayeni [2] studied the flow of a tear
pressure/temperature dependent viscosity, whenoriioxygen is introduced into a channel containing
hydrocarbon, oxidation or combustion is inducece treat transfer in the channel was studied. Bepr [3
considered the effect of pressure and temperatukéscosity and concluded that most fluid showsanpunced
variation with temperature but are relatively insiéme to pressure until high pressures have bémmad. He
also reported that for gases at twice the critiealperature variations of viscosity with temperatare quite
small until pressures of the order of the critipaéssure have been reached. For gases, at higbupresn
increase in temperature causes a decrease in itysadsle a decrease in temperature causes thesitycof a
gas at low density to decrease.

In this paper an approximate solution to lamindlinfig liquid film with variable viscosity along an
inclined heated plate is modeled and the modeldkléd using shooting method.

2.0 Mathematical formulation
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In this section we introduce the boundary valuébfenm that provides the basis for our investigatbn
laminar falling liquid with variable viscosity algnan inclined heated plate. The mathematical mofiehe
problem is represented by the dimensionless eqstio

2
da7e 29 A= y)ePf =0, M —q - )PP (2.1)
dy dy
with 6(0)=0,6(1) =1 u(©) =0 2.2)
(T-To). . : : : i, :
Here 6'=T is the dimensionless temperatufeg the absolutel, is the incline plane wall temperatufigs
f
(8°pgsing)’®
Ho K(Te —To)
@ inclination anglep fluid density, g gravitational acceleratigm, fluid viscosity at reference temperatufez

a(T; - Ty) is the variable viscosity parameter determines the strength of dependence betyeerdT) U is the
dynamic viscosity, u is the velocity

the upper free surface temperaturg)= is the Brinkman numbe®(s the liquid film thickness,

3.0 Existence and uniqueness of solution

In this section we shall show that there exist@ue solution of equation (2.1) subject to equatio
(2.2), first and for most we shall consider thisdtem without proof.
Theorem 3.1 (see for example, Williams et al (1978 [8]))

Let D denotetheregion [in (n + 1) dimensional space, one dimension for t and n dimensions for vector

v t=to| < a, |y-y,|<sb.if
Vi=f (VYo A Yo o) Valte) =V,
Vo= (VYo A Yo i) Valto) = Vs,

(3.1)
M M M
Yo =f0 (V) VoA Yo s) Y, ()= Y0,
_ _ o od0f .. _ _
Then, the system of equations (3.1) has a unique solution if —L ] = 12.3/\ ,n arecontinuousin D.

i
H):T>0,A4,8>0,0s%x <1 0sX,<b,d<X,;<T and €< X, < P whereb, d, e, Tand p are
positive constants.

Theorem 3.2
If (H,) holds then problem (2.1) satisfying (2.2) has a unique solution.

Proof
Equation (2.1) can be written as system of firseorequations a¥; =Y, X, = 0, X= 9, X,=Uu
Then
X, 1
X |_|¢ 3.2)
| |6
X, u
We define
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fl(X11X21X3’X4) 1
fo (X1, %, X5, %) = Xg

(3.3)
fa (X1, %0, X5, %) = _/1(:|-_X12)eﬂx2

fu(X1:%,%s,%,)= (1_X1)eIBX2

The relation in (3.2) and (3.3) can be represeaged

X 1
' X3
X (3.4)
ST e
% | 7| -2a-¢)e”
X, (l—xi)eﬂg
Satisfying the initial condition
x©0)) (0
x,0)]_|0 (3.5)
x0) | |T
x,0)) \0
Where [ is guessed such thetl) = 1 is satisfied. Now,
of, < 0,j=10)4, of < 0,j=1,2,4,afz < 1,6—]‘3 <0,j=34
0 X, j 0 X, 0 X,
0f, < :sz‘ , dfy <|-ABA-2x2)e
0% 0%,
of; <0 j=34, af“s— 9t 4<OJ-34
0 X; ,

o0f

0 X,

of,
Therefore,— i ,] is bounded and there exis{wherek = max k,;) suchthat” i| < k,where 0 <k< 00,

Therefore, f; (X, X, %; ,X,), 1 = 12,34 are Lipschitz continuous for different conditioas B\ andT.
Hence there exist a unique solution of the systed) Gubject to (3.5).

4.0 Method of solution

Equation (2.1) subject to equation (2.2) does reElclose form solution. We therefore employed the
numerical method called shooting techniques. Thachidea of shooting method for solving boundarjuea
ordinary differential equation is to try to find@pximate initial condition for which the computediution “hits
the target” so that the boundary conditions at offwints are satisfied. In other words, the boupdalue
problem (3.1) subject to (3.2) is transform toteygs of initial value problem (3.4) subject to (3vehererl in
(3.5) is guessed such tleffl) = 1 is satisfied. The numerical result is préed in figures 4.1 — 4.4 below.
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Figure 4.1: Graph of temperature profite Figure 4.2 The graph of velocity profile against
against positiory for varioush whenf = 1. position y for various values afwhenp = 1
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Figure 4.3 The graph of temperatubeprofile against Figure 4.4 The graph of velocity profile against
positiony for various values g8 when) =1 positiony for various values of wheni = 1
5.0 Discussion of result

A model that described the laminar falling liquitihif with variable viscosity along an inclined hedte
plate has been developed. The existence and urdgsieheorem for the model was developed and prdves.
theorem showed there exist a unique solution femttodel. In the numerical analysis that followansoof the
parameters were varied to simulate physically séalsituations and for space consideration orgygtaphs will
be displayed.

Figure 4.1 shows the graph of temperature préfiéegainst position y for variodswhenp = 1 and the
shooting guessed values are 1.6297, 2.480, and2}/28pectively. We observed that an increase iimkBran
numberA causes an increase in temperature. Figure 4.2sstimagraph of velocity profile against positiofoy
various values ok Brinkman number, when the variable viscosity pagtarf is one this also causes an increase
in the velocity while figure 4.3 shows the graphterhperature profil® against position y for various value [bf
variable viscosity parameter and fixed value\ddrinkman number and the shooting guessed valué.&297,
1.8634 and 1.5014 respectively there is an increatiee temperature aB increases also, figure 4.4 shows the
graph of velocity against position for various value of},the velocity also increases with increasginVe
must remark here that f@ greater than 1.5 both the velocity and the tentperan figures 4.3 and 4.4 start to
oscillate.

6.0 Conclusion
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The existence of solution of laminar falling liquitm with variable viscosity along an inclined tied

plate implies that the problem represent a phygsicathlem under specified condition.
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