Journal of the Nigerian Association of Mathematical Physics
Volume 10(November 2006493 - 496
© J of NAMP

On the fluctuating filtrate

*Olusogo O. Odusote
Department of Physics, Olabisi Onabanjo University,
Ago-lwoye, Nigeria.
e-mail: sog_odusote@yahoo.com
and
Olamide O. Odusote
Department of Chemical Engineering,
Ladoke Akintola University of Technology,

Ogbomosho, Nigeria.

Abstract
I
We show by the application of the ‘stick-slip’ phelomenon, that, the
filtrate through a porous medium could be oscillatoy under low-intensity driving
forces. The frequency of the oscillation is depende on the nature of the porous
medium and the external driving forces. It is, theefore, possible to characterize the

medium by the use of low amplitude external drivinQorces.

1.0 Introduction.

An important mechanism for physical and biologipedcesses is the flow of fluids through porous raedi
Such processes include filtration, catalysis, dainage, and flow in reservoirs (aquifers andaimnation).

We define (broadly) the filtrate as a fluid whichshpassed through a porous medium, the flow being
dependent on the physical and chemical properfigeediuid and porous medium.

It has been shown [1] that oscillatory filtratiaran result from blockage of the channels by solid
particulates. The striations created by the blagkparticulates can modulate the flow of the fikrakeading to
oscillation. We, also, hereby show that oscillagi@an arise from the enhanced interaction betweefidid and the
filter medium, under low intensity driving forces.

2.0 Theoretical considerations

The flow of fluid through a porous medium is gowsirby Darcy’s law

Q=A, K, 2.1)

where Q is the discharge rate (in the directiof), perpendicular to an ared,, of the medium, andg—h is the
X

hydraulic gradient. The permeabiliti,, is a ‘constant’, which depends on the physical elmemical properties of
the fluid and medium. The permeability is widelyiaale, due to a host of factors [2]. Importanttéas include the
chemical constitution of the interstitial surfacasd that of the contained pore fluids [3], the igo of the
interstitial surfaces and the turtosity of the atela. The surface interaction creates a concemtrgtiadient, which
extends from the interface into the bulk of thauiij This often divides the fluid particles intcstiinct regions, each
with its own dynamics. The particles of the fluightl to bind on the surfaces, i.e., sticking occuWvben the
concentration of sticking particles is large, limit friction is attained, and slip occurs. We therefore have &-stip
phenomenon, leading to oscillation.
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The sticking fractionS, is proportional to the ratio of the partition @tions of the solid, and the fluid.

That is
Sa];— (2.2)

|
wheref; andf; are the partition functions for the solid and dluespectively. A model for the stick-slip phenomen
is shown in Figure 1, wheré, is the fluid velocity due to the hydraulic gramtieK, is a viscosity factor due to
interactions between the layers of the moving flud the ‘adsorbed’ particles, which gives risgisgous force-,,
andF is the static friction between the ‘adsorbed’ jgées and the surface. Sliding occurs when

Fy=Fs (2.3)
The equation of motion of the particles is then
d2
M tZ +F, = Fq (2.4)
wherey is the distance moved in tinteby the particle after slidindsq is the dynamic friction and
Fv=Fu(y) (2.5)
For the sustenance of stick-slip behavidury Fq. If we make the transformation
o= R
Fd
%
K
r,=t| — 2.6
() e
Y :5
K
Equation (2.3) becomes
Y=1 (2.7)
and equation (2.4) is
2
d Z +Y -1 (2.8)
dr, @
The general solution of equation 2.8 is [4]
:1+(1— 1Jcosrt (2.9)
2 @

3.0 Result and discussion

Equation 2.9 contains a sinusoidal term, whichdatlis that the flow is oscillatory. In Figure Z plot

the dependence of and OI—Yon r, for ¢ = 1.25 and¢= 1.50. Since the masW|, of ‘adsorbed’ particles is

t

dependent on the sticking fraction and the visgdsittor, andK, is a fluid parameter, it then follows that thenter

f

%
K
[Vj is a fluid-medium property. From equation (2t6g period of oscillationT, is the time interval fromh= 0
tot =T, corresponding ta; = 0 to; =1t Therefore,

e
Kf
A o

The frequency of oscillatior, is given by

%

By measuring the frequency of oscillation of th&die, it is possible to have a qualitative knadge of
the fluid-medium interactions.
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4.0 Conclusion

The flow of fluid in porous media has been investiggl under low intensity transport. S-slip behaviour
could result, leading to oscillation in the filtrate. ¥ possible to use the information from the freqyent

oscillation to characterize the fludedium systen
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Figure 1: The stick—slip mechanism
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Fig.2: Sip displacement and Oscillation amp litwdes
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