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Abstract

We present an analytical study of unsteady non-linear rheological effects of a
power-law fluid under gravity. The fluid flows through a porous medium. The
governing equations are derived and similarity solutions are determined. The results
show the existence of traveling waves. It is assumed that the viscosity is temperature
dependent. We investigate the effects of velocity on the temperature field. We investigate
the power-law viscosity index, the Darcy parameter on the temperature profiles and the
results were discussed.
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1.0 Introduction

A particular difficulty of the flow in porous media that it arises, often in subtly different forniis several separate
fields of natural science and in large number anbhes of technology. The categories are far frtgareut,but and
enumeration must include fluid mechanics surfacd aolloid physical chemistry, physiology, rheologsgil physics,
hydrology, soil mechanics, agricultural engineeripgtroleum engine and chemical engine. Some ssiigrtave studied
gravity flows of a power-law fluid through a porousedium. These include, [1] investigated the aftd permeability on
the temperature rise in a reacting porous mediuante [5] presented a paper on unsteady graviy$l of a power-law
fluid through a porous medium. Olajuwon and Ayeétjigresented a note on the flow of a power-lawdflwith memory past
an infinite plate. Pascal and Pascal [3] also stlidiimilarity solution to some gravity flows of noNewtonian fluids
through a porous media. Zueco [4] investigatechtlmaerical solutions for unsteady rotating high-gitsomedium.

2.0. Mathematical Formulation

The governing equations for the Mathematical foatioh are continuity and momentum equation. Comsidea two
dimensional flow in the x — z plane where the Bagace is a streamline at a point on the surfaeegxpressed the flow by a
oh

modified Darcy’s law.
(ko) on
Uy ) 0S|0s

Where S is measured along the streamline, sincé brrthe free surface. The rheological parametertine power-law
exponent which represents shear-thinning (i.e.re¢fd shear-thickening (i.e. n>1) fluids. k is therpeability, O is the
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n

(2.1)

density and//; is the effective viscosity.
oh _oh
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0s 0x
For small gradients which converts the problem iatene — dimensional problem. This approximationmis to
assume a horizontal flow with = h(X,t) (t being the time) and equation (2.1) becomes
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Whereas for radial axisymmetric flow
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Substituting equation (2.3) into the continuity atjons we obtain

o(hvg) _ o oh

R ot
Where @ being the porosity
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By cylindrical coordinate we obtain

—n
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(Momentum)
Defining new variables
Leth R 9=Ft(n);n=R"
Where/}is a function of Rand t using similarity variable
We obtain
i( ff’|f'1"n):a2/7 gf =¥, d
dn n+1l " dnp
Where 52 = ¢ Ha |
ko
f (m)=0
df
P =0
(dnjm
3.0. Methods of Solution
From equation (2.7) when =
We obtain
d df 2a +1
il fl_ — a2 af _ l
oln(”f ‘dnj ”( 3 7 j
f(7)=10+an + pn*
f(0)=10
f'(0)=-03
f1)=2
We obtain

f(7)=10- 037+ 7.7

From equation (3.3) together with the boundary conilions
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f(0)=10 a7
f(1)=2 (3.8)
f'(0)=-03 3.9)
We obtain
f(7)=10-037+87n° (3.10)
From equation (2.7) let a? - o
By using similarity variable we obtain
a(n+1)
f (’7) = 2’7 o (3.11)
From equation (2.7) assumea® =0
By using similarity variable we obtain
frt = _3-33371_n ~ Y333 (3.12)
When n=»%
- % _nal?
f(7)=|-333%" - 06 (3.13)
4.0 Results
The analytical solutions of equation (3.6), (3.40) (3.11) were provided for various values of patera and N.
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Fig4.1: Graph of the velocity function f against the samity variables;
wheng =-0.3,f =-7.7 and n= %.
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Fig4.2: Graph of the velocity function f against the samily variable/7 whenar =-0.3, f=-8.7 and n= %.
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Fig 4.3: Graph of the velocity function f against the samitly variable/7 when@ =% and n= %.
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Fig 4.4: Graph of the velocity function f against the samiy variable/7 when@ =1% and n= Y.
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Fig 4.5: Graph of the velocity function f against the samiy variable/7 when@ =2 and n= Y.
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Fig 4.6: Graph of the velocity function f against the samilly variable/7 when@ =-1 and n= Y.
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Fig 4.7: Graph of the velocity function f against the samify variable/7 when@ =1 and n= Y.
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Fig 4.8: Graph of the velocity function f against the samitly variable/7 when@ =-1%2 and n= %.
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Fig 4.9: Graph of the velocity function f against the samitly variable/7 when& =-2 and n= %.
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Fig 4.10: Graph of the velocity functionf against the similarity variablg whena =",,and n= %.

5.0 Discussion/Conclusion

We proposed suitable expression for unsteady gifeowits of a power-law fluid through a porous mediubhe unsteady
profile and the velocity profile were studied farious values of¥ and power-law viscosity index n are emphasizethen
flow behaviour. The fluid is Pseudo-plastic for ik plot the graph of velocity function f againisé tsimilarity variabley .
It is seen from figs 4.1-4.2 that the effect of gmver-law index n is to decrease the flow charéttes. It is seen from figs
4.3-4.5that the effect of the power-law index rtdsincrease the flow characteristics. On the otrard, from analytical
calculations we also see that the parameter ntafteath the flow characteristics and the accuraicyhe approximate
solutions significantly.
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