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ON THE DRAG EFFECT IN DECANT

ING CENTRIFUGES

Dipl.-Ing. Th. Langeloh , Prof. Dr.~Ing. W. Stahl

Institut flir Mechanische Verfahrenstechnik und Mechanik
der Universitdt Karlsruhe (TH), D-7500 Karlsruhe 1 :

ABSTRACT

On literature over separation in decant-
ing centrifuges, calculations and
declarations have been based hithero

on the application of Stokes's law. Ex-
perimentations have clearly shown that
the separation can also be greatly in-
fluenced by other factors in the machine,
i.e. the flushing of the already depo-
sited particles by the current. To
calculate this drag effect, new equations
must be derived. The comparison with

the measured values should yield good
agreement.

To eliminate the probability that the
separation would be determined even-
tually through the instability of the
current, the most important criteria
for stability should be represented and
compared with the measured values.

INTRODUCTION

The theory of equivalent clarification
area based on Stokes's law, is still
used today to explain the functions of
the decanting centrifuge. Although it
is well-known that this theory in many
cases fails and one cannot simply use a
correcting factor to account for the
margin of error. Therefore, for the
scale~-up from the pilot experiment, it
is necessary to have experience and
feeling.

When one compares the actual degree of
separation curve to the theoretical,
then it can be seen that the degree of
separation, when the critical flow is
reached, abruptly slopes downwards, al-
though theoretically it should be con-
siderably more horizontal (Fig. 1).

The estimation is better, when a diffe-
rent prccess is overlaid at the point

of the critical flow Qcrjip- Up until
this ecritical throughput, the separation
can be described simply through the
sedimentation process. whereas for flow
rates greater than the critical point,

a different rule is more effective.
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Fig. 1, The recovery as a function of
the throughput

The following processes in the machine

could have an influence on separation:

- the sedimentation of particles

- the particles on the canal bed can be
pulled along (analogous to the sedi-
ment transport in the flowing fluids)

- the instability of the fluié
- the poor transportation of the solid
material by the screw.

In the fellowing work, the indestaking
is to describe these processes and to
estimate their effects on the separation
in the deanting centrifuge.

DESCRIPTION OF THE THEORY

The theory of the ecuvalent clarification

area

The theory of equivalent clarification
area and the limited precision are so
cften presented in literature [71-5],
that the eqguation for calculating the
limiting particle site can simply be
stated as such:
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The limiting particle size becomes smal-
ler as the effective clarification
lenght L_ and the mean radius r grows
larger. Other machine parameters do not
influence the separation.

Whereas a few authors 13,4,5], in order
to improve the agreement between theory
and practice, have introduced correcting
factors for:

~ the slipping between the drum and the
luid

- the disturbance from the input and
discharge zones

- the flow profile (no plug flow)
- the motion of the screw

- the reducing of the clarified volume
by backflow of solid

- the property of the product such as
the particle form and the concentra-
tion of the feed. ’

Faust |5 describes a new process. He
applied the measured surface layer flow
in the tubular centrifuge onto the de-
canting centrifuge. This means that
there exists in the channel between the
blades a fast flowing layer on the sur-
face of the fluid, beneath which is a
slcw flowing zone. Through experimenta-
tion with a decanting centrifuge of
perspex, it can be shown that the thick-
ness of this surface layer is approxi-
mately egual the half of the overall
fluid height. The throughput does not
influence the layer thickness.

The limiting particle size can then
be calculated as follows:
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The drac effect

Whereas one assumes, using the theory

of equivalent clarification area, that
the separation is stabilized through
sedimentation, one must take into account
that because of the flushing, the par-
ticles which have already settled can

be carried away by the flow and over the
welir out of the machine.

The process can be simplified as such
description of this:

Forces on a particle which has already
settled (Fig. 2);:

e

Fig. 2. Balance of forces around a
particle already separated
(drag force formulation)

—- the contact pressure
3
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~ the drag force

2
Fs=k%.xs-ﬂ-f (4}

- and, in analogy to Coulomb's law, the
friction force

A (5)

From the equilibrium of forces for the
horizontal directicn, one obtains the
following formula for the drag particle
size:

(6)

The shear gradient x shows the changes in
in velocity on the channel bed:
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For laminar flows it can be calculated
by:

8
kp= 28 (8)
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and for turbulent flows
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The drag particle sire can be calculated
by substituting Eq. (8) and (9) into
Eq. (€).
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The friction coefficient cannot be theo-
retically determined, so it is calcula-
ted with the help of the critical rate
of mass flow.

This new model shows the following for
the separation in a decanting centrifuge:

The separation can simply be calculated
by the effect of sedimentation up until
the critical mass flow rate has been
reached. When the throughput is raised
above the critical rate, the effect of
the drag force of the current must be
superimposed upon the effects of sedi-
mentation. Accordingly depending upon
how large the critical mass flow is
(Fig. 3), the machines must be planned
using the equivalent clarification area
theory (1) or with the addition of the
drag force taken into account.
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Fig. 3. The two cases: Theory of egui-
valent clarification areas and
drag force effects

In contrast to the theory of equivalent
clarification areas, only the width of
the channel of the screw and the height
of the fluid enter into the calculations
of the drag particle size.

The measured results, however, show that
these parameters have a large influence
on ithe degree of separation.

Stabilization criteria

Another factor which explains the abrupt
change in the behaviour of sedimentation
is the instability of the current, which
occurs after reaching the critical mass
flow, for example,it could be a matter

of the twining point between laminar and
turbulent or between flowing and shooting
current.

To describe this transition, the dimen~
sionless numbers for the current flow
mechanics are useful:

~the Reynclds number (laminar-turbulent)

4.0.p
Re = L (12)
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where the critical Reynolds number is
2300.

~ the Froude number (flowing—shooting)

Q
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The transition from flowing to shooting
is where the Froude number equals 1.

This dimensionless numbers are derived
from the description of current flow
in the earth's gravitational field,

In a rotating system, there appears
another transformaticn in the current
which doesnot occur in a simple gravi-
tational field: the building of Taylor
vortices.

Tayler vortices occur when the outward
directing centrifugal force can no lon-
ger compensate the pressure force. Then
left and right oriented vortices begin
to build. For the critical current
profile, the potential eddies are
stated |6,7] (Rayleigh~criteria).

The formation of Taylor eddies can be
predicted by using the Taylor number:
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The critical Taylor number can be descri-
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Ludwieg |8| introduced the following for-~
mula in 1964 for the stability criteria
of an incompressible, frictionless
current with screw-formed stramlines:
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with the dimensionless velocity gradients:
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Throuch experimental results, he cculd
provide proof for this stability crite-
ria. By applying the Tavlor number and
the stability criteria from Ludwieg to
decanting centrifuges, it must be noted
that Ludwieg produced the screw-formed
streamlines, not through the use of a
screw, but rather the axial slinding of
an inner rotor. Also, the derivation of
the Taylor number for cylindrical
Sfections does not take axial current
into account.

Both criteria can be applied strictly
for just one annular clearance (no
ree surface).

METHOD OF TESTING

For experimentation,there are many dif-
ferent sizes of test machines with dif-
ferent structures from which to chose
(drum radius from 0.07 m to 0.7 m and
clarification length from 0.15 m to

1.7 m). For an experimental material,
chinese coal, PVC, PMMA, Celite, alu-
minium hydroxide, mud and sludge were
used.

During the experimentation, the absolute
rotational speed, the height of the weir
and the mass flow were changed.

By regulating the mass concentrate in
the centrate and in the feed, the degree
of separation could be determined.

The cptimal differential speeds were
found through pre-tests, so that any

side effects due to the movement of the
screw could be eliminated.

The precision of the measurements were
confirmed by many repetitions of the
same experiment.

With very fine test materials (such as
chines coal and Al (OH),, the distur-
bance of separation in ghe machine due
to accumulating of solid materials
could be precisly determined.

As long as the influence of the solid
backflow could not be eliminated by the
operating parameters of the machine,
the results cannct be extracted for
evaluation.

TEST RESULTS

With the aid of the different test
results, the dependance c¢f the critical
throughput can be determined from the
main rotational speed and the height
of the weir. In table 1, the actual
results are compared with theoretical
ones.

The throughput is proportional to

Stokes * n2
H

2 2
lam. drag h.. n
effect Niv H
turb. drag th;O7 n;'14
effect

iy 0,9-1,2 1,6-2

experiments hNiv ny

Table 1. 1Influence on separation

Since the Stckes's law has no direct
influence of pond depth, there is no
dependance introduced.

Calculating with the mean radius one
finds a dependance on the niveau height
with the exponent -0,3.

Reasconing: As the weir height is in-
creased, thus is the mean radius
decreased whereby the centrifugal force
is also reduced.

Whereas the measured dependance of the
critical mass flow on the niveau
height shows good agreement with the
turbulent drag effect, the influence
of the rate of rotation can only be
approximated.

The test results do not allow for a



plain, welldefined correlation.

Calculating of the degree of sevaration
process

With the help of the size distribution,
the separation curve and the particle
size, the degree of separation can be
described in dependance upon the mass
flow.

X
max

N, = [ T (x)

E dQA(x)

X .
min

Through the separation degree T(x},
the following processes can be consi-
dered:

- Sedimentation: All of the particles
are not fed onto the surface of the
fluid, but are distributed equally
throughout the entire height of the
fluid. Thus particles which are smal-
ler than the limiting particle size
can still be separated.

- Drag effect: In the sediment, smaller
particles are closed in by larger
particles and thereforecan not be
flushed away. For this reason, the
particles which are smaller than the
drag particle size will be separated
cut,

In Fig. 4, the actual degree of sepa-
ration is compared to the theoretical
separation curve.
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Fig. 4. 'Calculated and measured degree

of separation in dependance on
the mass flow,

As it was shown earlier, the measured
results cannot be described through the
theory of eguivalent clarification area,
nor with the adaption made by Faust.

The measured values show good adgreement
with the drag force model for the
turbulent current.

The validity of this effect is underlin-
ed through the calculation ©f the Re-
and the Ta-number; both yield a turbu-
lent current.

The stabilitg Criteria

The stability criteria which was dis-
cussed above

have been made use for the different
test results.

For the Reynolds—number, one receives
values for the critical mass flow which
are considerably larger than the criti-
cal Reynolds-number. The Reynolds~-number
is not constant for one product and one
machine when the parameters are changed.
This leads us to conclude that the
abrupt sloping away of the separation
curve is not due to the laminar-turbu-
lent turning point, Because of the
higher values there exists a turbulent
current in the machine.

The calculated Froude-numbers are always
considerably smaller than 1. Thus, a
flowing current is built in the channel.

The calculating of the Taylor-number
does not provide for the assuription of
the producing of Taylor vortices in the
decanting centrifuge. The larger Taylor-
numbers support the producing of a
turbulent current in the screw channel.

When one uses the stability criteria
from Ludwieg, than it becomes clear that
the current is stabil - even under the
assumption of a thin surface layer
current,

In summary, the suddenly sloping sepa-
ration curve is not caused by the in-
stability of the current in the screw
channel.

These ascertainments were proven through
analysis results using a special test
machine. This concerns a reconstructed
decanting Centrifuge where the current
in the screw channel can be viewed
during operation.

The following observations were made:

= In the screw channel, a surface layer
current develops when the weir height
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is very large and the mass flow is
simulta neously decreased.

- Normally there exists a turbulent
flow in the screw channel.

~ Solid material on the channel bed is
flushed away by the flowing fluids.

SUMMARY

Through comparison of theory with mea-
sured values and through the examina-
tion of processes in the screw channel,
it can be shown that the separation

in the decanting centrifuge in many
cases is not limited by sedimentation
effects, but rather by the carrying
away of the already settled particles
on the screw channel bed.

The influence of the current instability
can be eliminated through the calcu-
lated dimensionless pumbers.
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Symbols used:

b centrifugal acceleration m/s2

b channel width m

cw,c2 dimensionless velocity gradient

£ friction factor -

FA pressing force N

FH adhesive force N

Fr Froude number -

FS drag force N

kw correcting factor for feed
concentration

Le effective clarification length m "

g gravitational acceleration m/s

hNiv liquid height m

ny main rotational speed 1/min

Re Reynclds number -

I drum radius m

I, mean radius m

Ta Tayler number -

u velocity of the flow m/s

Up.Uy;, Peripheral speed o m/s

Xg limiting particle size m

X drag particle size m

Lo diff?renz be;wegn density of 3
solids and liquid kg/m

8h  height of flowing layer m

N viscosity of liguid Ns/m?





