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@ Method and apparatus for improving the control and treatment of fibre suspension flow.

@ The present invention relates to a method and
an apparatus for optimizing the control and {reatment
of fibre suspension flow. The invention is mainly
intended to be applied in connection with pumping
of high consistency pulp in pulp and paper industry.
in general, a controi vaive is provided on the di-
scharge site of the pump in order to regulate the
flow.

Problems with high pressure loss across the
control valve or clogging of the valve are eliminated
or minimized by the method and apparatus (19)
according to the invention, in which in close proxim-
ity to the flow side surface of the valve element (19)
a fluidizing element (22) is arranged, which fluidizes

e\ the puip to a liquid state so that the pulp can flow
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through the valve opening (16) and not clog it.

Fig 3
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METHOD AND APPARATUS FOR IMPROVING THE CONTROL AND TREATMENT OF FIBRE SUSPENSION

The present invention relates to a method and
an apparatus for improving the control and treat-
ment of fibre suspension flow. The method and

apparatus according to the invention are particu-

larly suitable to be used for mixing chemicals and
controlling the pumping of high consistency puip in
the pulp and paper industry.

High consistency pulp is still generally pumped
by a displacement pump and a screw pump. This
was up till now the only way to pump high consis-
tency pulp. When the pulp is pumped by such
pumps, no control valve is used on the discharge
side. There are two reasons for that. Firstly, high
consistency pulp is stiff and the pumps produce a
pulsational pressure. If there is a throttle point on
the discharge side, it produces strong pressure
pulses in the tube system which can break struc-
tures. Secondly, a displacement pump works even
when there is no pulp in the suction side or so little
pulp that it would only partly fill the compartments
of the pump. The pump can work so that it pumps
forward everything that comes from the suction
side to the compariments.

Lately a new type of high consistency pump
has become general in the mills, cf. e.g. US-patent
publication 4,435,122. This new kind of pump is a
centrifugal pump, in which high consistency pulp is
fluidized, in other words changed into a flowing
state just before the pulp reaches the range of the
pump impeller. With this technique in pumping
high consistency pulp it is usually necessary to
assemble a control valve on the discharge side of
the pump according to Fig. 1 in order to ensure
that there is always pulp in the suction side of the
pump or that the amount of pulp to be pumped is
correct.

High consistency pulp (consistency 8 - 20 %)
forms very stiff material; it can be so stiff that one
can stand with ordinary shoes on the pulp and not
sink into the pulp. The reason for it is that fibres
with size of a few millimetres form a strong three-
dimensional fibre network. The fibres are rather
rigid and when they rest on each other they form a
strong structure. High consistency pulp can, how-
ever, be changed into a flowing state by breaking
the fibre network by bringing shear forces to the
suspension. This is called fluidization of high con-
sistency pulp. Normally fluidization is effected by
some kind of powerful rotor. For example, in & high
consistency pump the rotor effects the fluidization
in the suction duct of the pump. Fluidization is a
reversible process, and as soon as the rotor stops
or the pulp is no longer in the range of the rotor,
the fibre network forms again and the suspension
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becomes again solid material.

If the capacity of a pump is adjusted by a
control valve according to Fig. 1, the delivery lift is
considerably lowered in the control valve because
of the rigid character of the pulp. One object of the
invention is to diminish the flow resistance of the
valve. In controlling the flow of high consistency
pulp the resistance is often several bars even on
the best valves known. Fig. 8b shows in principle
the reduction of the capacity of the present valves
when the consistency grows.

Fig. 6b is a graph showing the capacity of a
valve provided with a fluidizator. The reliability of
the valve and the adjustability improve particularly
with small spread angles.

In pulp mills it is often necessary to mix chemi-
cals into the pulp for example in bleaching. This
can be effected either in a high consistency pump
or in a separate mixer, cf. Fl application 850854.
When chemicals are mixed in a high consistency
pump, they are added either before the pump or at
the outer rim of the impeiler. If this is done, a
separate mixer is not necessary, as the same de-
vice serves both as a mixer and a pump.

Often a pump cannot be used as a mixer for
several reasons. Such can be, for example, ma-
terial problems or the fact that the amount or the
guality of chemicals are such that the chemical
cannot be added into the pump. Accordingly one
has to use a separate mixer according to Fig. 2.
There are cases in which part of the chemicals can
be fed to the pump and the rest to the mixer or all
chemicals to the mixer depending on the situation.

This kind of mixer is described for example in
Fl-patent publication 68688. The mixer consists of
a case with an inlet opening and an outlet opening
and protrusions on the inner surface, of a rotor
which has protrusions on the outer surface, and of
a feed duct for chemicals which opens {o the
mixing zone between the rotor and the case. The
said mixer, although very practical and reliable, is,
howsever, rather complicated to produce of special
material. A further object of the present invention is
to -eliminate the need of a separate mixer by
means of a new kind of valve and to utilize the
mixing properties of the valve as well as to lower
the total resistance of the system and reduce the
need of space.

The Fl-application 850307 discloses a method
and an apparatus for dividing and uniting the flows
of high-consistency fibre suspensions, wherein the
apparatus consists of a vortex chamber to which
several inlet and/or outlet openings lead and in
which there is a rotor creating a vortex flow. The
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inventive idea of the present application includes
also the fact that there are valves in the outlet
ducts up to which the vortex flow should extend in
order to make the apparatus work in the desired
way. In the arrangement according to the above
mentioned publication it has generally been neces-
sary to position the control valves in the outlet
ducts so far from the rotor that by the time the high
consistency pulp reaches such it has formed a
strong plug at the beginning of the duct in front of
the valve opening and particularly with small
spread angles.

Summarizing the above, the object of the
present invention is to eliminate or minimize the
defects of the arrangements according fo the
above-mentioned publications by the method and
apparatus in accordance with the invention.

The above object is solved according to the
invention by a method of controlling and treating a
fibre suspension flow wherein the fibre suspension
is controlled by throttling the cross-sectional area
of the flow, characterized in that the fibre suspen-
sion is fluidized in that in close proximity to the
throttle point, fibre suspension flow material is sub-
jected to shear forces, by means of which the
bonds between the fibres of the suspension are
broken and the formation of fibre bundles at the
throttle point is hindered, whereby the fibre sus-
pension flows in a liquid state through the adjust-
able throttle point.

The object is also solved by the provision of an
apparatus for controlling a fibre suspension flow,
which apparatus comprises a valve body having an
inlet and outlet opening therein, a valve opening
and a valve element with drive mechanism used for
closing the opening, characterized in that in close
proximity to the valve element a fluidizing element
is arranged which acts to eliminate fibre net work
and flocks of fibre suspension.

The present invention is characterized in that
the pulp is fluidized in the mixing valve i.e. the
point of control to which pulp chemicals can be
added. The valve is characterized in that it com-
prises a fluidizator and control plate or control ball.

Further advantageous features of the invention
are described in the dependent claims.

Advantages of the present invention are dis-
cussed below with respect to the prior art.

- The valve functions at high consistencies (15
- 25 %).

- The valve functions even at small spread
angles evenly and without clogging, with no need
for over spreading even at the starting point.

- The capacity of the valve remains almost the
same as the water equivalent at lower pressure
differences than those of the present pulp valves
when adjusting pulp flows (cf. Fig. 7),
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- The valve and the mixer made of special
materials are replaced by a valve mixer.

- The total pressure loss is diminished.

- It is possible to raise the consistency level of
the mixture up to a consistency of 25 - 30 %. This
is impossible with the known devices.

In the systems according to the prior art (Fig.
1) the aim has been to place the valve in a small
pipe close to the discharge side of the pump. Thus
a high flow rate is achieved at the valve, which
makes the valve operate better and prevents the
clogging. A valve according to the invention and
the arrangement using it can be piaced anywhere
in the piping.

The construction of the valve is such that it
works regardless of the rate of inlet flow.

The arrangement utilizing the invention enables
mixing of chemicals without the pump being the
only place where the they can be added. In many
cases in bleaching processes, part of the chemi-
cals can be added in the pump and the rest in the
control valve. No separate mixer is needed. Thus
the arrangement according to the prior art (Fig. 2)
is essentially simplified.

A significant advantage of the present invention
resides in the great possibilities for adjustment of
the volumetric flow. Because it is possible to
fluidize the high consistency pulp just in front of
the vaive element, the valve opening can be throt-
tled to its minimum and yet the pulp flow contin-
ues, in other words it is possible to reach low flow
amounts even at high consistencies.

The apparatus according to the present inven-
tion is described in detail below, by way of exam-
ple, with reference to the accompanying drawings,
in which:

Figs. 1a and 1b are schematic illustrations of
prior art pumping arrangements.

Fig. 2 is a sohematic illustration of a mixing
arrangement according to the prior art.

Fig. 3 is a sectional side view of a preferred
embodiment of an adjustable mixing valve accord-
ing to the present invention.

Fig. 4 is a fragmentary detail of a valve
arrangement according to Fig. 3 from the incoming
direction.

Fig. 5 is a schematic illustration of a pump-
ing arrangement including a adjustable mixing
valve according to the present invention.
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Fig. 6a and 6b are graphs of flow-through
curves of a valve according to the prior art and a
valve according to the invention with pulps of dif-
ferent consistencies compared with the flow-
through curves of water.

Fig. 7 is a graph showing the comparison of
corresponding valves in relation to the amount of
pulp flow-through to the amount of water flowing
through as a function of pressure difference pre-
vailing across the valve.

There are in principle two earlier known types
of control arrangements of pulp pumping. In Fig. 1a
there is a so called principle of level control, in
which the output of the pump 2 is adjusted by the
valve 1 so that the level of the pulp in the pulp
container 3 remains constant. In Fig. 1b there is a
so called principle of flow control, in which the
pump 2 is attached to the pulp container 3 and
thereafter there is a flow indicator 5 arranged in the
flow passage through which a pulp flow passes,
which flow is kept constant by the valve 8. In both
cases the valve is disposed considerably far from
the pump and in any case so far that high consis-
tency pulp has time to form rigid fibre networks
and the flow time to change into plug flow. The
subsequent pressing of the pulp through the valve
involves a great loss of pressure. Additionally, it
has to be noted that a valve cannot be brought so
near the pump to avoid the pulp having begun to
solidify, because the formation of the fibre network
begins aiready in the pump itself just after the
fluidization zone of the pump.

Fig. 2 shows an arrangement according to the
prior art, for example, for mixing bleaching chemi-
cals to the suspension. The arrangement com-
prises a pulp tank 3, a pump 2, a level control
valve 1 and a mixer 7 following the valve 1 in the
direction of pulp flow, which mixer can be similar
to, for example, the fluidizing mixer shown in the
patent application Fl 850854. Drawbacks of the
arrangement are a considerable overall loss of
pressure of the devices especially with high consis-
tency pulps and the costs of devices made of
special materials.

When. aiming at a macroeconomic, compact
and rational solution it has to be observed that in
all pumping systems a valve subsequent to the
pump is necessary so as to enable the function of
the pump to be controlled in the desired way by
means of the valve . Similarly, it has also to be
observed that devices inadequate in operation even
at the MC-consistencies diminish considerably the
advantages obtainable by the MC-pumps. Thus
one seeks an invention which minimizes the loss of
pressure of the valve and ensures trouble-free op-
eration. Fig. 3 and 4 disclose an arrangement in
accordance with the invention in which a valve 10
comprises in general a valve body attached to pipe
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connections 11 and 12 or equivalents and inlet and
outlet openings 14 and 15 in it. In the body 13
there is a valve opening 16 and the sealing surface
thereof has a seat insert 17. Together with the seat
insert 17 there operates in the embodiment accord-
ing to the figure, a calotte valve 19 with a V-
opening 18, the inner and outer surface of which
valve are a part of the spherical surface. The
position of the calotte valve 19 is controlled by a
conirol spindle 20 protruding from the the valve
body 13. According to the figure a coaxial shaft 21
protrudes from the valve body 13 in the opposite
direction in relation to the spindle 20, and a fluidiz-
ing element 22 is attached to the head of shaft 21
inside the valve body 13 on the side of the coved
surface of the calotte valve 19. The above de-
scribed main components are preferably situated in
the following way in relation to the direction of the
pulp flow: firstly the fluidizing element 22, then the
calotte valve 19, and then the valve opening 16. It
is, however, also possible to positicn the valve in
the opposite disposition with the fluidizing element
behind the valve element in the direction of flow so
as to hinder the fibres which might stick around the
valve opening. Similarly, the directions of the shafts
of the rotor and the valve can differ from each
other or one of the shafts can be within the other.
The rotor can naturally also be arranged in connec-
tion with a shaft of another separate apparatus. For
example, a screen, a thickener, a knotter or equiv-
alent is appropriate.

Fig. 3 and 4 also disclose a most preferable
application field for the valve arrangement accord-
ing to the invention. An inlet opening 23 for chemi-
cals has been added to the valve body 13 in the
direction of flow upstream of the other components
and through which opening, for example, bleaching
chemicals may be readily added into the pulp flow.
Then by the same fluidization operation, by which
the pulp is brought into a liquid form and as such
flows through the valve, a very efficient mixing of
the chemicals into the pulp is effected. Of course,
the inlet opening for chemicals can also alternative-
ly be located in the fluidization region.

A valve element according to the invention
functions in the following way. With high consis-
tency pulp, when the pulp flow coming from the
pump reaches the valve as a plug flow, the pulp is
subjected by the fluidizing element operating inside
the valve body to such a considerable amount of
shear forces that the bonds between the fibres
forming a solid network of a pulp plug, loosen and
the pulp flows like a fluid through the valve. The
loss of pressure caused by the valve is conse-
quently only a fraction of what it would be without
fluidization. The most difficult situation is when the
flow channel defined by the valve element 19 and
the valve opening 16 is very small, in other words
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the volumetric flow is small. Hereby the fibres stick
very easily on the fringes of the flow channel and
gather forming in a short time a plug which closes
the valve. It is, however, possible to design the
fluidizing element so that it causes a pulse at the
flow channel against the normal direction of flow, in
other words it tends to draw off the fibre bundles
formed on the edge of the opening and to return
them to the rest of the puip. If a rotating rotor is
involved, the fibre bundles can be loosened also by
the total effect of the structure of the valve element
and the rotational direction of the rotor.

Fig. 5 discloses further preferred equipment
arrangement, in which the valve 10 can alsc be
used also as a mixer, if so required. A pump 2 is
connected to a pulp tank 3 and the pump is fol-
lowed by a valve apparatus 10 situated at an ap-
plicable place and, according to the embodiment in
the figure is controlled by a level detector. The
arrangement in Fig. 5 can well be compared to the
arrangement in Fig. 2, because in both cases the
same measures are involved: control of the pump
and mixing of chemicals. The equipment in Fig. 5
is much simpler and an additional advantage is
achieved by the higher outlet pressure compared
to that of Fig. 2.

The valve according to the invention can be
employed, for example, in an apparatus in which
pulp is led from the MC-pump to the thickener
which requires a certain counter pressure to func-
tion in the desired way. Consequently, the consis-
tency of the pulp flow being throttled can easily be
more than 15 %, even 20 %, whereby t0o ensure
the flow (in other words hindrance of the clogging
of the throttle point) fluidization of pulp is required
immediately before the valve. Hereby the valve is
to be situated preferably exactly at the outlet open-
ing of the thickener, because at the same time as
the valve throttles the flow, it also enables the di-
scharge of the pulp from the thickener. Similarly,
the valve can also be used in connection with other
components treating high consistency pulp.

Fig. 6a represents the behaviour of a conven-
tional valve at high consistency pulps. The test
consistencies were 8, 10, 13 and 15 %. The hori-
zontal axis shows the spread angle of the valve and
the vertical axis the mass flow passing through the
valve. It will be appreciated from the graph that at a
consistency of 10 % the flow rate of the pulp
significantly begins to decrease at large spread
angles and at a consistency of 15 % the value of
the pulp flow remains below half of the maximum
value which is achieved by water. Correspondingly,
at small spread angles it is to be noted that a
consistency of 15 % requires a spread angle at
least double the size of that of water even to start
the flow. Thus the control of small amounts of flow
is by the conventional valves is most complicated,
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if not impossible.

Fig. Bb represents correspondingly the behav-
iour of the valve according to the invention at high
consistencies. It is seen in the same coordinates
that at small spread angles the 15 % pulp doss not
differ from water, so the adjustability is as good as
that of water. At larger spread angles the 15 %
pulp requires a little larger spread angle than water,
but the curve does not bend horizontal as occurred
with the valves according to the prior art.

Fig. 7 discloses comparative curves of the ca-
pacity (y-axis) of the valve in the function of the
pressure difference prevailing across the valve. The
curves show the Qpupy/Quater relation of the volu-
metric flows, which with the valves in accordance
with the prior art (broken line curves) is already at
the consistency of 10 % weak. In other words a big
pressure difference is required for the efficiency of
the flow to reach a profitable value. At the consis-
tency of 15 % the pressure difference required is
even bigger. By the means of a valve according to
the invention (unbroken curve) a considerably bet-
ter efficiency is achieved and the maximum value
achieved with considerably smaller pressure dif-
ference is, less than half of the corresponding
pressure difference of a valve in accordance with
the prior art.

The above described arrangement according to
the invention has thus mads it possible to avoid or
minimize the drawbacks and defects of the devices
according to the prior art by simplifying the appara-
tus by combining applicable componenis to a ra-
tional entity. However, only a few specially prefer-
able embodiments have been referred to above
and such are not intended to limit the scope of the
invention of what is disclosed in the enclosed
claims. It is, for example, clear that it is not neces-
sary to use a calotte valve with a V-opening but in
some cases the use of a slide valve as well as a
ball or 4 disc valve can be justified. Similarly, it is
not necessary for the fluidizing element to be a
rotor as in the figures, but also another kind of
vibrator can be used. Neither is it necessary for the
valve and the fluidizing element to be arranged in
one and the same body, but, for example, for
technical reasons in manufacture, it can be ad-
vantageous to construct the valve and the fluidizing
element as separate components to be attached to
each other. Furthermore, it is possible to reduce
the pressure loss by arranging the form and func-
tion of the fluidizator and the valve element, in
other words the rotational direction of the fluidiza-
tor, so that the pulp is subjected by the fluidizator
to a kinetic component towards the valve opening.

It is also clear that the material being used
does not need to be high consistency pulp, but the
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mixing is applicabie also to diluted pulps or mere
fluids. Similarly, the substances or chemicals o be
mixed can be either gaseous, liquids or solids.

Claims

1. A method of improving the control and treat-
ment of fibre suspension flow, wherein the fibre
suspension is controlled by throttling the cross-
sectional area of the flow, characterized in that
the fibre suspension is fluidized in that in close
proximity to the throttle point, fibre suspension flow
material is subjected to shear forces, by means of
which the bonds between the fibres of the suspen-
sion are broken and the formation of fibre bundles
at the throttle point is hindered, whereby the fibre
suspension flows in a liquid stafe through the ad-
justable throtile point.

2. A method according to claim 1, character-
ized in that chemicals are fed to the fibre suspen-
sion flow before the fluidization or in connection
with it, whereby said chemicals are mixed with
fibre suspension in connection with the fluidization.

3. A method according to claim 1, character-
ized in that when. fluidizing the fibre suspension
flow, the throttle opening is subjected to pressure
pulses opposite in direction in relation to the main
flow of the fibre suspension, by means of which
puises the fibres stuck on the fringes of the throtile
opening are loosened.

4. An apparatus for controlling a fibre suspen-
sion flow, which apparatus comprises a valve body
(13) having an inlet and outlet opening therein, a
valve opening (16) and a vaive element (19) with
drive mechanism (20) used for closing the opening,
characterized in that in close proximity to the
valve element (19) a fluidizing element (22) is ar-
ranged which acts to eliminate net work and flocks
of fibre suspension.

5. An apparatus according to claim 4, char-
acterized in that the fluidizing element (22) is
arranged inside the valve body (13) in the flow
direction upstream of the valve element (19).

6. An apparatus according to claim 4, char-
acterized in that the fluidizing element (22) is
arranged inside the valve body in the flow direction
downstream of the valve element (19).

7. An apparatus according to claim 4, char-
acterized in that an opening (23) is set upsiream
of the valve element (19), at which opening chemi-
cals, for example, are fed to the fibre suspension
flow.

8. An apparatus according to claim 4, char-
acterized in that the opening for the feed of
chemicals is arranged in the fluidization zone.
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9. An apparatus according to claim 4, char-
acterized in that a valve element is arranged in
connection with the outlet opening of a thickener, a
pulp tower or a corresponding apparatus freating
high consistency pulp, a fluidizing element (22)
being in close proximity to said valve element.

10. An apparatus according to claim 4, char-
acterized in that the valve element (13) is a plane
like or arched plate, the surface of the inlet opening
(14) of which substantially corresponds in form fo
the casing surface of revolution of the fluidizing
element (22).

11. An apparatus according to claim 4, char-
acterized in that the fluidizing element is a rotat-
able rotor.
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