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Experimental Study on Batchwise Centrifugal Filtration

Masao SAMBUICHI, Hideo NAKAKURA, Koichi SAITOH
and Kunihisa OSASA

Abstract

Batchwise centrifugal filtration process of limestone- and coal-water slurries were experimentally
investigated by using the method of stroboscopic photography, instead of the conventional method to
measure the volume of filtrate. By means of this method, the relation between filtrate volume and time
was exactly determined and the centrifugal sedimentation process of particles was examined in detail.
The particle settling had to be taken into account the centrifugal filtration process.

It was demonstrated that the cake volume predicted on the basis of filtrate volume was largely
different from the true value, and consequently the specific filtration resistance could not be determined
as a characteristic value of the cake. Thus, the rate equation of cake formation was derived taking into
account the particle settling. And then it was approximated to simplify the subsequent calculating
procedure.

By using this equation and the experimental data, the true values of average specific resistance were
calculated and the batchwise centrifugal filtration.process was predicted in the course of time. The
process calculated by the approximated method, which proposed in this paper, was favourably consis-
tent with the experimental course. In addition to the conclusion, the process predicted by the precise
filtration theory, which was in need of the compression-permeability data and a trial and error calculat-
ing method, showed fairly coincidence with the experimental results.
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Table 2 Characteristics of Compression Permeability Tests
Solid Equilibrium porosity Specific resistance
materials e [—] a [m/kg]
e=0.78 (ps=23.5Pa) a=1.72X10"° (ps=23.5Pa)
Limestone
£=0.934 - p%%"  (ps>23.5Pa) a=5.46X10° - p,°%* (ps>23.5Pa)
Coal £=0.68—9.89X 10 *p"*™ a=1.10X10"+7.17 X 108ps°-+*°
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Asnm =arithmetic mean filtration area
=z(n+r)h (]
A;n =log mean filtration area
=27 (r,— ) h/In(r/7,) (m]
A, =filtration area at filter medium  [m']
C =volume fraction of solid (-]
g =gravitational acceleration [m/s?]
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k  =height of cylindrical filter surface [m]
k, =ratio of lateral stress to normal

stress (-]
m =ratio of wet to dry cake mass [—]
N =centrifugal speed {1/s]
p; =hydraulic pressure [Pa]

p1c =hydraulic pressure at cake surface

[Pa]
ps =solid compressive pressure [Pa]
Ap =hydraulic pressure drop across

cake and medium [Pa]

Ap. =hydraulic pressure drop across
cake (Pa]
Q =rate of filtrate flow through

cake [m/s]
r  =radius [m]
7. =radius of cake surface [m]
7, =radius of a clear liquid surface [m]
% =radius of medium surface of

centrifuge [m]
rs =radius of slurry-supernatant

interface [m]
R, =resistance of filter medium [1/m]
s =mass fraction of solids in slurry [—]

u. =settling velocity of cake-slurry

interface in a filtering centrifuge [m/s]

u, =apparent liquid velocity
relative to solids [m/s]
us =settling velocity of slurry-

supernatant interface in a filtering

centrifuge [m/s]
ugs —settling velocity of slurry-

supernatant interface in a

gravitational field [m/s]
u, =flow rate of filtrate per unit

area (m/s]
V =total volume of filtrate [me]
v =volume of filtrate per unit area

of filter medium [m]

W =total mass of solid in centrifugal

cake (ke]
W’ =total mass of solid calculated

on the basis of filtrate, Eq.(6) [ke]
a =local value of specific resistance

of cake [m/ke]

Vol.38 No.1 (1987)

1)
2)

Ea—BF - PR - AW — - KiE2HA

.y =average specific resistance of
cake (m/ke]

a’av =average specific resistance

based on Eq.(6) [m/ke]
¢ =local value of porosity [—]
&.v —average porosity of cake -]

eav.r =average porosity for the portion
of cake between medium and

radius » (-]
6 =time (s]
u  =viscosity of filtrate [Pa - s]
& =dimensionless situation in cake  [—]
p  =density of liquid [keg/m’]
p» =true density of solids (kg/m*]
ps: =density of slurry [kg/m*]
@ =angular velocity [rad/s]
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