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Asymptotic analysis on unsteady gravity flow of a
power-law fluid flow through a porous medium

A. W.Ogunsola, B. A. Peter

Abstract— We present a paper on the asymptotic analysis of unsteady gravity flows of a power-law fluid through a porous medium. The
fluids is Pseudo-plastic for n<1, Dilatant fluids for n>1 and Newtonian fluids for n=1.We assumed that porosity is large and analytical
solutions are sought asymptotically. For the case of radial axisymmetric flow, the governing partial differential equations were transformed
into an ordinary differential equations through similarity variable. It is further assumed that the viscosity is temperature dependent. We
investigate the effects of velocity on the temperature field and the results obtained are discussed.

Index Terms— Asymptotic technique, non — Newtonian power-law fluid and porous media.

1 INTRODUCTION Newtonian fluids through porous media. Peter and

Th -li heological eff f - i
e non-linear rheological effects of non-Newtonian Ayeni [5] investigated the analytical solution of

fluids on the asymptotic analysis of unsteady gravity unsteady gravity flow of a power-law fluid through a

fl f -law fluid th h i
ows of a power-law fluid through a porous medium porous medium. Zueco [6] also investigated the

were addressed. Over the years, many research works . . . .
numerical solutions for unsteady rotating high-

h i -law flui
ad been carried out on power-law fluid, steady and porosity medium. Geetanjali Alle et al [7] studied the

fl f - ian fluids i
unsteady flows of non-Newtonian fluids in a porous gravity flow of a visco-elastic fluid through an

ium. A famili le i Isi hich i
medium artiar exampre 15 af emuision Wiich 18 inclined channel with the effect of magnetic field.

he di i f flui ithi her flui
the dispersion of one fluid within another fluid, Geetanjali Alle et al [8] considered unsteady flow of a

.g.oil di ithi .
e.g.oil dispersed within water dusty visco-elastic fluid through an inclined channel .

2  There have been several studies on the gravity flow e . .
gravity Keeping in view the above analysis, the aim

f -law fluid th h ium.
of a power-law fluid through a porous medium of the present paper is to analyze the influence of

Pet d Ayeni[l] studied t tead
eler an yenifl] studied a note on unsteady asymptotic techniques on unsteady gravity flow of a

temperature equation for gravity flow of a power-law power-law fluid through a porous medium. In

fluid through ium. 11 [2 i
uid through a porous medium. Cortell [2] studied addition ,the investigation regarding the fluid

hy ity fl £ -law  flui
the unsteady gravity flows of a power-law fluid problem due to the flow behavior when porosity is

through a porous medium. Olajuwon and Ayeni [3] large are not available in the literature by means of

treated the flow of a power-law fluid with memory asymptotic techniques method

past an infinite plate. Pascal and Pascal [4] studied the 20. MATHEMATICAL FORMULATION

similarity solution to some gravity flows of non- . . .
ty gravity The governing equations for the Mathematical
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formulation are continuity and momentum equation.

Considering a two dimensional flow in the x - z plane
where the free surface is a streamline at a point on the

surface, we expressed the flow by a modified Darcy’s law.
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Where S is measured along the streamline, since z = h on
the free surface. The rheological parameter n is the power-
law exponent which represents shear-thinning (i.e.n<1)
fluids. k is the

and shear-thickening (i.e. n>1)

permeability, O is the density and gt is the effective
viscosity.
The unsteady gravity flow relevant to the

problem is governed by the set of equations proposed

by Cortel [2].

(24)
Defining new variables

Le¢ h (Rt =
2.5)

t@(n)n = Rt/

Substituting Eq.(2.5) into (2.4) and differentiating to get

d = n+a df
£ fflfl”jzaz of - a
d77(77 ‘ 77( n+177d77)
(2.6)
Where a?= CI)(M"f J
kp
2.7)
f (m)=1 (2.8)
df
(aj’h =1 (29

3.0. Methods of Solution

To solve the problem as posed in equation
(2.6), we seek asymptotic techniques about f (77).)

The problem have been solved analytically by Picard

iteration method.

Kp ) oh|on|™
Ve=- 2| S0 1 1
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(3.1)
ohvy) _ g 0h
oR ot P 4
Where a=|® 2
(2.3 ko
Where @ being the porosity
Frof o+t flelgly
By cylindrical coordinate we obtain 0 g2 4 2 e
Lo 1 (3.2)
1 0 oh||oh B q)ﬂefnﬁh
EG_Ra_R 8_R - kp E Substituting Equations (3.1), (3.2) into Eq. (2.6) to get
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m (3.7)
d 1,1 1,1 1,1 ”
—(f,+ =+ )(fo'+f1'+fz'+ ...... ][f0’+f1’+f2'+ ........ j
i a o a Y B f,(n)=1
1 a+n (., 1. 1. 3.8
:&127]‘0{{ f0+¥f1+¥f2 ...... }_Mn(fo-l-azfl-l-a“fz-l- ..... ) ( )
Integrating Eq. (3.6) together with the boundary
(3-3) condition (3.8) to get
1 %
Suppose N = E fy (77) =2t
Substitute for n in Eq.(3.3) to get 39
Substitute (3.8) in (3.7) to get
d 1,1 A 11 . 31 3¢ )
%[U(f°+a7f1+a7fz+ ...... )[f0+a2f1+ st j{f0+azf1+a4fz+ ........ ] i f)= 2a+1;af2 —(ZOHJ n
(3.10)
Case 1
) 1 1 2041 (., 1 1
=a 7]‘0[{ f +¥ f +a7 fo b }_ 3 s +a7 f +¥ fyt o Definition: The function f (f2 : 77) is Lipschitz continuous in
(34) f over D if there exists a constantk ,0 < k < o0, such that
of
Multiply Eq.(3.4) through by ? to get | f(f21,77)— f(fzz,ﬂ)S k| f22 — f21‘ and aT exist.
2
d, 1. 1 L, 1, 1, Vet f7=1(f,n)
&[n(yfﬁ?fﬁ—fﬁ ...... )(a2f0+a4f1+6f2+ ...... j ? ?
2
f(f )— 3 idf _( 3a J n(ziﬁl)z |
211 = 2
=il ot ft }-2"‘;1 (f0'+12f1’+14f2’+ ..... j 20 +1|n 20+1
(3.11)
(3.5)
i = Ba 7771
Equating the values of =z to get of, 2a+1
20 +1 12
f, — 2f/=0
nat, mh 3
6) 200 +1
20 +1 19
fo(fg)* =naf, - 2f,
0( 0) et 3 2 Remark: The function f(f . 77) is Lipschitz continuous.
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Case 2

Defining a sequence of functions { (on ) 77) } by Picard

iterations

£07)= o+ [ y(s. £,.4 ()

(3.14)

for(7)= 5 +]7.Y(S’ fo0(s))ds

(3.15)

Integrating Eq.(3.15) to get

_ 3 30 | (2a+1) (2 ¥
f21(77)— (2a+1}[2a+1) [( 3a J +1}7

3 ( 3a jz [20{+1T (22 P
+ +1|n, 2
20 +1 )\ 2o +1 3a

(3.16)

Let o =—-1,7, =% inEq.(3.16) to get
foq) = 4.57° — 4.5,

(3.17)
4.0 Results
Analytical solutions of Equations (3.9) and (3.17) together with
the boundary condition (3.8) were provided for various
parameters in the flow equations.
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Figd.1: Graph of the velocity function f against the

similarity variable 7 whena = -1 and N = % .
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Fig4.2: Graph of the velocity function f against the similarity 77 whenar <2 and n < 2,

variable 77 whengy <2 and n < 2.
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