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Description

FIELD OF INVENTION

The present invention relates to a cyclone separa-
tor for separating substances from a fibre-liquid-sus-
pension, particularly paper pulp suspensions, of the
kind defined in the preamble of the following Claim 1.

BACKGROUND OF THE INVENTION

Cyclones of the kind used in the paper industry to
cleanse a paper pulp suspension from contaminants
and impurities in the form of sand grains, metal parti-
cles, chips, splinters and larger métal objects, such as
paper clips and paper staples that are liable to be con-
tained by paper pulp produced from wastepaper will
typicelly comprise an elongated cyclone chamber which
tapers in a direction towards one end thereof and which
is provided at its wider end with a tangentially directed
inlet for the suspension to be cleaned and an axially
directed outlet for cleaned suspension, the accept, and
which further includes an axially directed second outlet
for the contaminants or impurities, i.e. the reject.

A cyclone separator of this kind operates in the fol-
lowing manner:

The suspension to be cleaned is fed at high speed
into the chamber, through the tangentially directed inlet
provided in the upper, wider part of the chamber. The
input suspension thereby moves helically or spirally on
the inner surface of the wall of the separator, in a direc-
tion towards the opposite, narrower end of the chamber,
i.e. towards the axially directed second outlet. The
heavier particles in the suspension, i.e. the contami-
nants, endeavour to collect against the wall of the
cyclone, while the lighter particles, i.e. the fibres, collect
in the centre of the cyclone. The contaminants are
moved down into the tapering or narrowing part of the
cyclone and exit therefrom through the axially directed
second outlet. The inner part of the vortex, on the other
hand, turns at the lower end of the tapering part of the
cyclone and moves axially in an opposite direction,
forming a helical or spiralling vortex, and leaves the
cyclone through the upper end thereof in the form of a
light, clean fraction called the accept. Thus, when
cleansing paper pulp suspensions, the accept will
essentially contain fibres of the desired nature.

The cyclone chamber of those cyclone separators
known hitherto for cleansing paper pulp suspensions
have an inner wall which is either smooth or is provided
with helically extending screw grooves which facilitate
movement of the coarser and heavier contaminants
down towards the bottom outlet of the cyclone, as illus-
trated for instance in Prior Publications US-A 3,399,770,
DE-C 2,285,233 and SE-C 187,435.

During the coarse of cleaning and separating con-
taminants from the fibre suspension, an individual parti-
cle will move in a circular path around the inner wall of
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the conical chamber without shifting axially. The particle
is held in suspension by buoyancy and entraining
forces. The buoyancy forces acting on the particle tend
to counteract the entraining forces that endeavour to
move the particle axially and thus hold the particle in
suspension. The particle thus continuously moves on
the same level. The particle is also subjected to a cen-
trifugal force, such that the particle will be held against
the inner chamber wall and move around the wall in a
closed circular path. Thus, the particle will cut into the
surface of the inner wall as it moves therearound. The
effect of these particles on the inner chamber wall will
gradually wear the wall to a state in which it must be
repaired or replaced.

The various cyclone separators described in the
aforesaid patents specifications are intended to elimi-
nate this drawback.

However, these earlier known constructions are
intended to remove contaminants that are found in typi-
cal paper pulp suspensions, such as sand, bark and the
like.

The present invention, on the other hand, is
intended to remove effectively primarily the kind of con-
taminants that are found in paper pulp which is pro-
duced, e.g., from recycled paper, such as paper clips,
staples and other heavier particles. The extraction, of
such contaminants places completely different require-
ments on cyclone construction.

DISCLOSURE OF THE INVENTION

The main object of the present invention is to pro-
vide a cyclone separator which will effectively extract
heavy particles from a fibre suspension.

Another object of the invention is to provide a
cyclone separator which will have a long useful life.

A further object of the invention is to provide a
cyclone separator which will have few operational
breakdowns.

Still another object of the invention is to provide a
cyclone separator which will achieve a fully satisfactory
cleansing result.

Yet another object of the invention is to provide a
cyclone separator which will enable both heavy reject
and light reject to be separated more effectively, i.e. a
separator which can be readily constructed for the
extraction of heavy contaminants and for the extraction
of light contaminants in manufacture.

These objects are achieved in accordance with the
invention with a cyclone separator having the character-
istic features set forth in the characterizing clause of
claim 1 and also in the characterizing clauses of respec-
tive subordinate claims.

Another positive effect achieved with the invention
is that by increasing the angle o and the pitch S, the lig-
uid flow inwardly of the inclined plane can be urged
closer to the gas core that is generated in the centre of
the chamber. This is highly beneficial when wishing to
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separate light particles, so-called light reject. These
particles are influenced by centripetal forces and are
drawn into the centre of the cyclone. The flank of the
helical screw groove assists in {{pushing )} these light
particles in towards the centre, where they are sepa-
rated.

The invention will now be described in more detail
with reference to the accompanying drawings, in which.

Figure 1 is a vertical sectioned view of an inventive
cyclone separator; and

Figure 2 illustrates the different force components
of forces generated in an inventive cyclone separa-
tor.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Figure 1 illustrates a vertically mounted inventive
cyclone separator and is a sectioned view of the sepa-
rator taken in a vertical plane. The cyclone separator
includes a main part 3 which has an inner, conical
chamber 4 which includes an essentially tangential inlet
at the wider end 5 of the chamber. The chamber 4
tapers downwardly and its inner wall has a screw-like
configuration including series of contiqous helical
threads. Each of these threads includes a first upper
surface or flank 1 and a second lower surface or flank 2.
The upper surface 1 faces towards the wide end 5 of the
chamber 4, and defines an angle o with a line that
extends parallel with the centre line of the main cyclone
part. The reference sign B identifies the angle between
a line that extends parallel with the centre line of the
main cyclone part and a conical, inner imaginary sur-
face A containing the intersections of the upper and
lower surfaces 1, 2 of the extending helical threads.

The second surface or flank 2 faces away from the
wide end 5, towards the narrower end 6 of the cyclone
chamber and intersects with the upper surface or flank
1 of the next underlying thread at an angle «.

The angle v lies within the range (90°-a)-90° so that
the lower thread surface 2 acts as an inclined plane to
advance downwardly particles moved against the inner
surface of the chamber 4 and under this lower thread
surface.

The reference S identifies the pitch of the helical
thread. The pitch may vary according to requirements
and the area of use.

The second flank 2 and its extension form a triangle
together with the first flank 1 of the nearest underlying
screw-thread and an inner imaginary surface containing
the intersections of the upper and lower flanks or sur-
faces of the extending helical threads.

Figure 2 illustrates the different forces that are gen-
erated in an inventive cyclone separator. CF represents
the centrifugal force acting on a particle adjacent the
inner chamber wall at the first flanck. This force can be
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divided into two components, CFn and CFu, wherein
CF = CFn + CFu. CFN acts perpendicularly to the flank
and CFu acts in a direction in which the particle is
pressed up to the {{ceiling }) of the helical screw-thread
or helix, i.e. said second flank 2. HF represents the
downwardly acting force of the liquid flow, this force act-
ing from the wider end of the chamber in a direction
opposite to CFu. The particle is also subjected to the
force of gravity G. The force of gravity, however, is neg-
ligible in this connection.

If HF = CFu, the particle will travel in a horizontal
orbit and will sooner or later strike {{the ceiling ) of the
helical screw-thread and accompany the screw-thread
downwards, since the screw-thread has a downwardly
extending helical form.

If CFu is greater than HF, the particle will reach the
{( ceiling }) earlier, as the particle will then slide
upwards along the first flank. If CFu is smaller than HF,
the particle will slide downwards on the inclined plane 1
and eventually reach the apex of the flank 2, whereafter
the particle is pressed-in beneath the ({ceiling )). This
means that heavy particles that lie against the ({ceiling
)} of the screw-thread are more protected against the
back suction effect of the gas core, since the pressure is
lowest in the centre of the cyclone and greatest at the
cyclone wall. If the particule rotates at a slower speed,
this pressure distribution would cause the particle to be
sucked in towards the centre and accompany the
upwardly flowing accept.

As a result of this configuration of the inner cyclone
wall, the heavy particules will be moved up towards the
screw flank extending helically along the inner cyclone
wall and slide down along the inclined surface of the hel-
ical screw-thread or helix, so as to reach ultimately the
lower outlet end 7 of the cyclone, at the same time as
the accept outlet 8 is located in the centre of the wider
end 5 of the chamber 4.

This novel configuration of the cyclone wall thus
functions as a latch hook which while permitting move-
ment in one direction will block movement in the oppo-
site direction. This is particularly important in the vicinity
of the lower outlet 7, where the dimensions are small
and the gas core lies close to the chamber wall.

When the angle a and the pitch S are increased,
the liquid flow inwardly of the inclined plane or surface
will be pressed closer towards the centre of the gas
core. This is advantageous when wishing to extract light
particles, so-called light reject. These particles are influ-
enced by the centripetal force and drawn towards the
centre of the apparatus. The conical wall causes these
light particles to be moved towards the centre, where
they are separated.

It will be understood that the invention is not
restricted to the described and illustrated embodiment
thereof and that modifications are conceivable within
the scope of the following Claims.
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Claims

A cyclone separator for separating substances from
a fibre-liquid-suspension particularly a paper pulp
suspension wherein the separator comprises a
main part including an inner conical chamber hav-
ing a centre line, an inner surface with a wide end,
and a generally tangentially directed inlet at the
wide end, the chamber tapering conically down-
ward from the wide end and having a screw-like
configuration to provide helical threads on the inner
surface thereof, wherein each of the threads of the
screw-like inner surface includes an upper surface
1 and a lower surface 2, the upper surface 1 facing
towards the wide end 5 of the chamber 4 and defin-
ing an angle o with the chamber centre line, the
lower surface 2 facing away from the wide end 5
and intersecting with the upper surface 1, of the
next underlying thread at an angle y, characterized
by the angle vy lying within the range (90° - a) -90°
so that the lower thread surface 2 acts as an
inclined plane to advance downwardly particles
moved against the inner surface of the chamber 4
and under this lower thread surface.

A cyclone separator according to claim 1, charac-
terized in that an angle B is defined between a line
that extends parallel with the chamber centre line
and and inner imaginary surface A containing the
intersections of the upper and lower surfaces 1, 2 of
the extending helical threads.

A cyclone separator according to claim 2, charac-
terized in that the angle « is greater than the angle

B.

A cyclone separator according to claim 1, charac-
terized in that the screw-like inner surface has one
or more inputs at the wide end 5 of the chamber 4.

A cyclone separator according to claim 1, charac-
terized in that the lower thread surface 2 has a con-
stant width over the whole of its length.

Patentanspriiche

1.

Zyklonseparator zum Separieren von Substanzen
aus einer Faser-Flussigkeits-Suspension, ins-
besondere einer Papierbrei-Suspension, wobei der
Separator ein Hauptteil aufweist, welches einen
konischen Innenraum besitzt, der eine Mittellinie,
eine Innenflache mit einem erweiterten Ende und
einen im wesentlichen tangential ausgerichteten
Einlass an dem erweiterten Ende aufweist, wobei
sich der Raum konisch nach unten von dem erwei-
terten Ende verjingt und eine schraubenahnliche
Ausgestaltung aufweist, um schraubenférmige
Gewindegange auf der Innenflache davon zu erhal-
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ten, wobei jeder Gewindegang der schraubenahnli-
chen Innenflache eine obere Flache (1) und eine
untere Flache (2) aufweist, wobei die obere Flache
(1) zum erweiterten Ende (5) des Raumes (4) hin
ausgerichtet ist und einen Winkel (o) mit der Mittel-
linie des Raumes einschliesst, wobei die untere
Flache (2) weg von dem erweiterten Ende (5) aus-
gerichtet ist und die obere Flache (1) des nachsten,
darunterliegenden Gewindeganges mit einem Win-
kel (y) schneidet,

dadurch gekennzeichnet,

dass der Winkel (y) innerhalb von dem Bereich (90°
- a) - 90° liegt, so dass die untere Flache (2) des
Gewindeganges als eine schrage Ebene wirkt, um
Partikel, welche sich gegen die Innenflache des
Raumes (4) und unter diese untere Flache des
Gewindeganges bewegen, und unten voranzutrei-
ben.

2. Zyklonseparator nach Anspruch 1, dadurch
gekennzeichnet, dass ein Winkel (B) zwischen
einer Linie, die sich parallel zu der Raummittellinie
erstreckt, und einer inneren, imaginaren Flache (A)
definiert ist, auf der sich die Schnittpunkte der obe-
ren und unteren Flachen (1, 2) der sich erweitern-
den schraubenférmigen Gewindegange befinden.

3. Zyklonseparator nach Anspruch 2, dadurch
gekennzeichnet, dass der Winkel (a) grésser als
der Winkel () ist.

4. Zyklonseparator nach Anspruch 1, dadurch
gekennzeichnet, dass die schraubenahnliche
Innenflache ein oder mehrere Eingange an dem
sich erweiternden Ende (5) des Raumes (4) hat.

5. Zyklonseparator nach Anspruch 1, dadurch
gekennzeichnet, dass die untere Gewindeflache (2)
eine konstante Breite Giber ihre gesamte Lange auf-
weist.

Revendications

1. Séparateur a cyclone pour séparer des substances
d'une suspension fibres-liquide, en particulier une
suspension de pulpe de papier, dans lequel le
séparateur comprend une partie principale incluant
une chambre conique intérieure munie d'un axe
central, une surface intérieure munie d'une extré-
mité large, et une entrée dirigée généralement tan-
gentiellement a I'extrémité large, la chambre allant
en s'amincissant coniquement vers le bas a partir
de I'extrémité large, et présentant une configuration
en forme de pas de vis pour former des filets héli-
coidaux sur sa surface intérieure, chacun des filets
de la surface intérieure en forme de pas de vis com-
prenant une surface supérieure (1) et une surface
inférieure (2), la surface supérieure (1) étant tour-
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née vers l'extrémité large (5) de la chambre (4) et
formant un angle (a) avec l'axe central de la cham-
bre, la surface inférieure (2) étant tournée du cété
opposé a l'extrémité large (5) et coupant sous un
angle (y) la surface supérieure (1) du filet suivant 5
placé au-dessous,

caractérisé en ce que

l'angle (y) se situe dans la plage (90°-a)-90°, de
fagon que la surface de filet inférieure (2) agisse
comme un plan incliné pour faire avancer vers le ¢
bas les particules entrainées contre la surface inté-
rieure de la chambre (4) et sous cette surface de
filet inférieure.

Séparateur a cyclone selon la revendication 1, 15
caractérisé en ce qu'’

un angle (B) est formé entre une droite s'étendant
parallélement & I'axe central de la chambre, et une
surface imaginaire intérieure A contenant les inter-
sections des surfaces supérieures et inférieures (1, 20
2) des filets hélicoidaux.

Séparateur a cyclone selon la revendication 2,
caractérisé en ce que
l'angle (o) est supérieur a I'angle (B). 25

Séparateur a cyclone selon la revendication 1,
caractérisé en ce que

la surface intérieure en forme de vis comporte une

ou plusieurs entrées a I'extrémité large (5) de la 30
chambre (4).

Séparateur a cyclone selon la revendication 1,
caractérisé en ce que

la surface de filet inférieure (2) a une largeur cons- 35
tante sur toute sa longueur.
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