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friction — the relation felt speed conceniration — agitation

~

based on work by Dr. 1. 1. Berney

Friction, mininuun concentration of the suspension
depending on the speed of the felt and the importance
of the agitation of the suspension in the vais.

When considering friction which takes place in the
vat of the sieve cylinder of a forming machine, be-
tween the asbestos-cement layer under formation
and the syspension, the following points must be
remembered:

1) During the process of filtration, the asbestos-
cement laver builds-up uniformly; the most com-
pact microlayers are located near the wire.
Compactness of the laver is steadily reduced as
the distance between the outer edge of the laver
and the wire meoreases. The stiength of the layer
is also reduced an will depend on « vield stress ».
Graph fig. 42 (see AC/M No. 9/10-1969) shows
this and indicates a decrease of the «yvield stress »
as the compactness of the faver decreases, There-
fore, destruction of the layer does not start over
all s thickness but where the weaker micro-
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layers are, i.e. on the outer edge of the layer which
is in contact with the suspension in the vat,

2) The microlayers at the outer edge of the asbestos-
cement layer under formation, do not ditler from
the suspension in regard to compuctness and
moisture content.

Mixing and agitation of the suspension in the
vats is so intense, that the adhesion betwesn
the single bundles composed of asbestos-comen
particles, is impossible. This means that the
microstructure of the suspansion is not aficcted.
4) 1n the turbulent flow occuring around the sufuce
of the rotating sieve oylinder, a thin famunar
layer, contiguous to the surface, can be distin-
guished.

5) The microstructure of the suspension.

Remembering the a’q points based on the gencral
principles of the structural-mechanical properties of
the dispersion systems, the friction taking place
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between the layer and the suspension can be con-
ceived in the following way (see fig. 44).

The asbestos-cement Jayer (1) has on the surface
which is contiguous to the suspension, a micro-
Jayer (2) which is in the state of formation and
which has the same density and water content as
that of the suspension in the vat. This microlayer
differs from the suspension with which it is in con-
tact (3) only because the asbestos-cement particles
contained in it have stopped moving thus permitting

.« pv

the formation of a structure; the asbestos-cem
pacticles in area (3) are free and move in a lami
flow. The interaction of particles and the formaii
of a structure in area (3), is hindered by the
that these particles are continuously passing I'r¢
the suspension to the microlayer (2).

When the formation of the Structure begins, micr
layer (2) will possess the properties of a viscoelist
body and will be characterised by two rheologic
constants: «yield stress 7o » and « viscosity vp/

Fig. 44. - Schemuatic drawing of the formution of the asbestos-cement layer on the cover wire of the sieve oylinder,
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At point «0», where hydrostatic pressure is zcro,
both these values will correspond to the values
obtained with the equipment shown in fig. 40 (see
AC/M No. 9/10-1969) because the flow at point
«0» is simikir to the flow near the surface of the
internal cylinder of the equipment shown in fig. 40.
The suspension in area {3) appears to be a non-
structural svatem and consequently a liquid with
an increased viscosity cqual to «pl.

Fig. 39 (see AC/M No. 9/10-1969) shows the con-
ditions of flow of microlayer (2) corresponding to
line OToA and of the suspension (3) corresponding
to the straight line OB. Suspension in area (3) is
gradually passing into area (4) with a turbulent
flow of the particles. The friction which is under
cxamination refers to the friction between micro-
layer (2) and the suspension in area (3). Studies on
the conditions of flow of two dispersion masses in
contact which possess the properties of viscoelastic
bodies, reveal the following two cases as possible:

a) The tangential stress on a given layer from
-another layer with which it is in contact, can be
less that the yield stress To. In this casc a sliding
of the layers will be observed but the rate will be
cqual to zcro.

b} To is cxceceded and in this case the structure
desintegrates.

Further to the above, it is pointed out that a quan-
titative relation also exists.
The asbestos-cecment layer moves in the laminar
flow of the asbestos-cement suspension which is
non-structural. The suspension can be considered
as a liquid the viscosity of which is equal to «pl.
Friction under these conditions can bz calculated
according 1o cquation (5-5).
In conformity with cquation (5-5), the following
cxpression can be writlen:
du

A=y"1
K dx

=l g

where: A is the friction on the surface of the laver
8 s the cocflicient of proportionality
el is the viscosity of the AYC suspension
v is the rate of flow of the Layer in contact
with the suspension,

With the concentration of the suspension muintained
constant in the vat, posttion « QO » s the critical
point where a possible destruction of the laver under
the forces of friction, can take plice, see fig. 44,

s 7

At this point, the rate of low of the layer will have
a maximum value and will be equal to tie ¢pead
of the felt, When the laver will be moving towards
point « 0 », its rate of flow cun be less than the speed
of the felt because of the obstruction caused by ikz
laminar flow which has a motion parallel 1o the faver
in area (3). Consequently the possibility exists thae
the layer which flows in the suspension towards
point «0» will be subject ta friction the value of
which is less than the «yield stress ». At point « Q »
however, where the rate of flow will have a manimum
value, the forces of friction can exceed the vieid
stress and this will lead to the destruction of ihe
layer.

An undamaged layer can therefore be obtained under
conditions where:

To = frpl

and therefore:

5-3;

e L - =
wpl
This last expression can be used to calculate ths
maximum tolerable felt specd which will permit the
delivery of an undamaged laver on the sieve cyhincer.
provided the value of coefiicient 2 is known. Feor
the purpose of determining the value of cocfiicient &,
a series of experiments were conducted, under aciusl
factory conditions. With a constant concentrazicn.
the speed of the felt of a machine was increased us
follows: from 17.7 to 23.6 first and then to 239,
33 and 37.8 metres/minute. At cach of the aboe
speeds, the cosfticient of collection Ky, wius deter-
mined with the usc of formula:

}\’)v —_ __.C;._
aV

As a consequence of danuige occuring to the Leser, i
weight « G o» will decrease und the velume of Slined
mateninl « 'y owill dncreass. Avois haehle sensinee
to any disturbance and i the Tyer o daicesad A
will decrense sharply.

The relation Ay/Telt speed has permitied (o estihl
the speed of the felt correspondire to the bost A
When the speed of the felt weo the viscesing 77,
and the yicld stress 7o are known, cociiziont &
can be determined usmg equation (5-8). Eapors i
work has established % 1o be cqual to 117,
Calculations of the tolerable felt spocds, under
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diflerent conditions, are contained in table 19 (sce
AC/M No. 7/8-- 1969). .

Measurements of the concentration of the suspension
at different points in the vat has revealed that the
concentration at point « 0 » is higher than the averzge
values by about 20%/. Table 19 shows the values
at point «0» and also the average values.

The felt speeds indicated in table 19 are for suspen-
sions with a temperature of 20° C. The relation To
and vpliemperature can be used to establish the
tolerable felt speeds with higher temperatures of the
suspension. The calculations indicate that the speeds
shown in table 19 must be multiplied by 0.99 when
the temperature of the suspension is 30°C and by
0.88 when the temperature is 350 C.

The analysis of the efTects of the rotation of the sieve
cylinder allows to draw the following practical and
important conclusions:

1) Between the wire and the layer, the forces of
adherence are of a considerable value and this
excludes the threat of the destruction of the
layer by centrifugal forces, especially at the cur-
rently practiced felt speeds.

2) Friction between the layer and the suspension
can destroy the laver formed on the surface of
the sieve cylinder. When destruction occurs, the
output of the machines is lowered and the quality
of the end product deteriorates.

3) The layer obiained from a suspension of low
concentration, is particularly subjected to destruc-
tion as it has a high moisture content and con-
scquently a low resistance to the flow.

4) The danger to see the layer damaged increases
with the increase of the speed of the felt. In such
cases it s necessary therefore to increase the
strength of the layer by decreasing its moisture
content; this is obtained by increasing the con-
centration of the suspension. At given felt speeds,
the concentration of the suspension in the vats
must pot be less than the values indicated in
table 19,

5) The values for concentrations and tolerable felt
speeds, referred in table 19, arc only safe when
the formation of structures in the suspension is
prevented (consisting in the reciprocal adhesion of
asbestos-cement particles). When structures are
formed in the suspension, the viscosity increases
considerably and the forees of friction which act
on the layer will increase and destroy the layer.

6) To prevent the formation of structurcs in the
suspension, it is necessary to agitate the suspen-
sion intensively in the vats. The necessity 10 have
agitators in the vats derives principally from this
reason. Preventing the sedimentation of the solid
phase, though advisable, is however of sccondary
importance.

7) Any increase of the concentration made necessary
as a result of the increase of the speed of the
felt, requires at the same time an increase of the
intensity of agitation as with the increase of the
concentration it becomes more difficult to pre-
vent the formation of structures in the suspension.
At this stage it is importat to know that the pro-

© babilities to see structures formed in the suspea-
sion, increases with the use of long f bres of as-
bestos.
Agitation can be intensified by cnher increasing
the -number of revolutions of the agitators ‘or
by increasing their diametcr.

8) The destruciion of the Jeyer begins at ths point

where the surface of the sieve cylinder carrvi~-
the layer, emerges from the suspension, in otl
words at point «0» (see fig. 44).
1t is properly in this area of the vat that any
decrease in intensity of the agitation becomes
dangerous. Currently used vats do not permit
the proper agitation of the material in this area
due 1o the distance separating it from the agita-
tors, and also because of the nareosvness of the
space between the surface of the sicve cylinder
and the wall of the vat; the distribution in an
upward direction of the turbulence cuaused by
the agitators is prevented (this is particulariy
dangerous in machines with sieve cylinders of
1250 mms @),
The formation of structures in the suspension
can be prevenled by expanding the vat in this
area, by introducing supplementary agitators or
by feeding in this zone of the vat water of dilu-
tion. By sa doing, the layer already formed in
other zones of the vat where concentration s
higher, will be stronger and will resist friction.
9) The way the suspension is mixed in vats of
current constriction, ¢reales a very uneven How,
The rate of flow of the upper Liver is considerably
slower than that of the layers nearer to Ut
agitators,
If the revolutions of the agitators are excessively
incrcased in order to prevent the formation of
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structures in the upper layers of the suspension,
the asbestos-cement layer already formed on the
wire while this is in the vicinity of the agitators
may be destroved unless the layer is sufficiently
strong; therefore it is necessary; before increasing
the number of revs of the agitators, that the den-
sity of the concenlration is such that the delivered
Jayer has the required strength to resist the action
of the forces of destruction.

A relation thus results: intensity of agitation/
concentration of the suspension. A too low con-
centration is hardly ever recommended as it is
often not tolerated by the system and periodically
is the cause of the damage of the asbestos-cement
layer during its formation on the sieve cylinder.
The relation intensity of agitation/concentration
of suspension makes it necessary to have at the
disposal of the technologists, agitators with vary-
ing speeds adjustable in relation to the concen-
tration of the suspension.

10) Qver asitation can deteriorate the technological
properties of the suspension by washing oft’ the
cement particles which have adhered already to
the surface of asbestos fibres.

11) Any occuring destruction of the asbestos-cement
Jayer can be detected by the value of the coef-
“ficient of collection Ky which is the ratio between
the weight of asbestos-cement deposited on the
wire of the sieve cylinder and the total weight
of asbestos-cement introduced in the vat in a
unit of time,

The quantity of asbestos-cement dclivered on the
wire of the sieve cylinder, will be cqual to:

:Gc =aV,—aV,

where: a., V. are the concentration and volume
respectively of the suspension which
is introduced in the vat per unit of
time,

a, is the concentration of the solid
phase in the filtrated material.

1, is the volume of filtrated material
from the sieve cylinder, per unit of
time.

The quantity of asbestos-cement delivered on the

S

wire of the sicve cylinder, can be dctermined by
another way using the formula:

Ge=Ky-a,-V,

where: Ky is the cocflicient of collection
a, is the average concentration-in the vat,

By equating the last two expressions and considering
that:
V.=107V, and a, = 0.10 4.

the following cquation can be ritten:

V.(1.07a.—0.10a.
Ky = Y1070, —010a) = 0.97 a./a, .
V,-a,
In practice however, the value of the coefficient
which is very near to I, can be ignored and :h
following formula can be used with enough accuracy.

Ky =" 5-9)
r

Concentration should only be measured. after thai
the vat has been working with a constant concen-
tration for at least 5-7 minutes.
If Ky is found to be between 0.80-0.86, the conditions
of operation of the machine can be considered satis-
factory. }f on the other hand, Ky is found to be I
than 0.80, this would mean that the laver unde
formation on the sicve cylinder is subject to damag
caused by friction or is being washed oft by th
action of the agitators.
The correctness of the points listed "above, is bei
proved in many modern factories using advanc
technological methods. Considerable increasss of th
output of many fuctories have and are registerzd
as a result of increases of the speeds of -the feiis
with simultaneous increases of the concentration
and of the number of revolutions of the agiators.
The cxpansion of the vats at the point where ihe
sieve cylinder emerges from the suspension. has aise
proved to be a correct step to take. This measure
prevents in many cases the formation of struciures
in the suspension at this point. Expansion of ihe
available arca can be abtained by cither modiNinz
the vats or by using smabler sjeve oylindors, In many
plants, it was made necessary to create such congd
tions as measurements of Ay weie found 10 b o
low as 0.60.
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