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Abstract

Analysis of cake filtration was made by the numerical solution of the appropriate equations of change based on the multiphase flow
theory with the assumption that the cake properties are functions of the particle phase compressiyg sttake earlier studies which
assume the relationship betwegnand the pressure of the fluid phage, to beV p; + V p; =0, other possibilities were also considered
in view of the recent work of Tien et al. (Chem. Eng. Sci. 56 (2001) 5361).

In addition to investigating the effect of thg—p; relationship, comparisons of predicted filtration performance with experiments made
it possible to substantiate earlier findings that fhep; relationship is system specific. The results of the analysis were also used to test
the parameter sensitivity of predictions, namely, values of the parameters of the constitutive relationships/¢i.@s and o vs. py,
whereeg; anda are the cake solidosity and specific cake resistance). This information, in turn, can be used as a bench mark for improving
existing and developing new procedures for determining cake solidosity and permeability.
© 2004 Published by Elsevier Ltd.
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1. Introduction information about cake structure, its evolution and the effects
of sedimentation and fine particle retention.

Analysis of cake filtration has been a subject of study for ~ The complexities of cake filtration arise mainly from the
several decades. The pioneer workRafth et al. (1933a,b)  compressible behavior of filter cakes. For a given cake, the
and subsequent investigations Gface (1953a,b)Tiller extent of its compression is determined by the compressive
and Shirato (a summary of their studies can be found in stress to which it is subject with this compressive stress
Shirato et al., 1987led to the development of the conven- resulting from the cumulative drag forces acting on cake
tional cake filtration theory. For further improvement of the particles. The relationship between the compressive stress,
conventional theory, more rigorous analyses based on thep;, and the pore liquid pressurg,, for the one-dimensional
solution of the volume-averaged equations of continuity rectilinear case is commonly assumed to be
have been attempted in recent yeafdqumi and Akiyama,

1975 Wakeman, 1978Tosun, 1986 Stamatakis and Tien, 97/ T dPs =0. 1)

1991 Landman et al., 199ien et al., 1997Burger et al., As pointed out by several investigators before (for exam-
2001, Ramarao et al., 200Zien and Bai, 2008 The re- e Rietema, 198 the relationship given by Eq. (1) is just
sults of these analyses have demonstrated their utility notone of several possibilities. This fact was confirmed by the
only in predicting filtration performances but also providing  recent work ofTien et al. (2001)who showed that better
agreement between cake filtration results and the results of
the compression—permeabilit¢{P) measurements can be
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The purpose of the present study is to make a detailed ex- P =AP, Cake P=p
amination on the effect of the,—p; relationship in the anal- ] L
ysis of cake filtration. Three different,—p; relationships « | L(®)
considered byfien et al. (2001)were used for the numeri- -« 4

. . q
cal solutions of the volume-averaged equations and the re-  Figate |

sults obtained were compared. Furthermore, by comparing Dl X <+« G ‘?uspensm,
the numerical results with experiments, approprigtep; =Jo " :: —

relationship was identified and corroborations with the ear- <« |P=P,,=0P, P,=0

lier work of Tien et al. (2001were made. The numerical «— AP, >

results were also used to assess the validities of some of the P

assumptions used by investigators previously.
Fig. 1. Schematic representation of cake filtration.

2. Analysis whereg,,, is the instantaneous filtration velocity and is given

. - as
The volume-averaged equations of continuity of mass and

momentum of multiphase systems are g [ ko p/:| — D, )
Km =77 A =" >
de: Hn 0x x=0 ,LlRm

1

pi 5 =PV @Y +mi, @) wherep,, is the pressure at the cake/medium interface (i.e.
x = 0) andR,, is the medium resistance.

piEiEU- =S 4w +F.. (3) In Eq. (6), e, andk are quantities characteristic of the

D~ — = cake in question and are commonly assumed to be functions
where the subscripi stands for¢ =liquid phase and  ©f th.e cor_npressive stresg;. As s?ated before, there is a
s = particle phaseg; is volume fraction of phase p the relationship betweemp; and p,, which can be found from

density, U the mass-average velocity vectdt,the stress  EQ. (3). If one ignores t_he inertial effect a_nd the presence of
vector andw the body force vectorF ;; is the interaction  the body force, by adding the two equations corresponding
force vector between phasgandi. And m; is the net mass 10 the liquid and particle phase, and notiAg, = —Fj;, one
flux into phasd. has

For one-dimensional cake filtration in rectilinear coordi- S 4S5 =0 (8)
nate as depicted iRig. 1, Eqg. (2) may be written as follows: =¢ ' = ’

S; (i =¢,s), the force vector on phaseesults from the

% = _@’ (4a) stress tenso[i of the same phasé_r.i may be written as
ot 0x - -

. T.=—pid+1, )
0&e = = =
G G (@) | |
Ot Ox where p; is the isotropic pressure of phasand¢ the unit
whereg; and g, are the liquid and particle velocities, tensor.z, is the shear stress tensor of the phiase .
is now written ase (or cake porosity)x is the distance In deriving the volume-averaged momentum continuity
measured from the medium. With this coordinate sysigm, €duations, different relationships betwegnand 7', have
andg, are inherently negative. been proposed such aBi¢tema, 198p

The generalized Darcy’s law is used to relate the relative

L . o . S;=v.-T., V.-gT
liquid/solid velocity with the gradient op; or - =i

ot

or &V-TI., i=¢tors. (10a)

In addition, for the dispersed phase (i.e. particle phase),
a_as __Lkop (5a) the following relationships have also been proposed

P e dx’
_ _ S =¢(V-T +V-T) or &V-T +V-T . (10b
which, upon rearrangement, yields = =t = o=t = (100)

Thus by choosing among the various definitions given
g = —855@ (1= e)qe . (5b) above, a variety ofp;—p; relationships betweep,; and p;
W Ox " can be established. Furthermore, for one-dimensional cake
filtration, the pressure termg(andp;) are dominant. Three

Substituting the above expression into Eg. (4a) and noting of the simplest cases consideredign et al, (2001)re

e=1-—¢g,, 0ne has
O 0 [_8 5@] Y © dp; +dp; =0 (Type D, (11a)
Twox ] T e (1—e)dp +dp, =0 (Type 2, (11b)

or  ox
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