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57 ABSTRACT 
A multiple vortex separator or hydro cyclone, particu 
larly for separating or cleaning fibrous suspensions, as 
for instance paper stock, including a plurality of indi 
vidual separator units working in parallel. Each indi 
.vidual separator unit has an elongate external casing, 
which encloses the vortex chamber and has sealed 
axial ends and a uniform external cross-sectional pro 
file over its entire length. Preferably, the external cas 
ing of the individual separator units is cylindrical. The 
individual separator units extend completely through 
the reject, inject and accept compartments in aligned 
openings in the walls between the compartments and 
the outer end walls of the reject and accept compart 
ments respectively, so that the axial ends of the sepa 
rator units are accessible from the outside at said 
outer walls of the accept and reject compartments re 
spectively, and so that the separator units can be 
moved axially into and out of the compartments for 
replacement of the individual separator units. Such re 
placement of the individual separator units is possible 
during continued operation of the separator. 

13 Claims, 6 Drawing Figures 
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VORTEX SEPARATOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention is related to vortex separators 

also called hydro cyclones, in particular for cleaning or 
separation of fibrous suspensions of the type which in 
cludes a plurality of individual separators or cyclones. 
Each includes an at least a partially conical vortex 
chamber provided at its larger end with at least one 
substantially tangential inlet for the suspension to be 
treated. The so called inject, and an axial outlet for a 
lighter or overflow fraction, the so called accept, of the 
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treated suspension, and at its smaller end with an axial 
outlet for a heavier or underflow fraction, the so called 
reject, of the treated suspension, and further a common. 
inject compartment for the suspension to be treated 
communicate with the inject inlets of all individual sep 
arators. common accept compartment for the lighter 
fraction communicates with the accept outlets of all in 
dividual separators as well as a common reject com 
partment for the heavier fraction communicating with 
the reject outlets of all individual separators. 

2. Description of the Prior Art 
Vortex separators of hydro cyclones of this type, 

which are often called multiple vortex separators or 
multiple hydro cyclones, are known in the art in various 
designs. Some prior art multiple vortex separators are 
for instance described in the Swedish Patent specifica 
tions Nos. 181,191, 200,549, 215,421, 215,471, 
224,596 and 305,433. 

All prior art vortex separators of this type have as a 
common serious disadvantage that it is a comparatively 
complicated and time-consuming task to remove and 
replace an individual separator unit and that this re 
quires that the operation of the entire separator appa 
ratus is stopped. Further, in the majority of the prior art 
multiple vortex separators it is not possible during con 
tinued operation, to clean or clear an individual separa 
tor unit which has been put out of operation due to 
clogging of its reject outlet and/or its inject inlet. In 
those few prior art multiple separators in which a clear 
ing of the reject outlets of the individual separator units 
is possible during continued operation, this must be 
done in such a manner that a leakage of liquid and sus 
pension from the separator can hardly be prevented 
and that there is a very considerable risk that the reject 
material accumulated in the clogged separator unit is 
transferred into the accept fraction so as to contami 
nate this. In most prior art separators, it is also impossi 
ble to observe during operation, whether an individual 
separator unit has been clogged. The clogging of one or 
several of the individual separator units in the separator 
can in this case be detected only from the resulting re 
duction of the total production of the separator. How 
ever, this does not, of course, indicate or point out the 
actual separator unit or units put out of operation due 
to clogging. 

SUMMARY OF THE INVENTION 
The primary object of the present invention is there 

fore to provide an improved multiple vortex separator 
of the general type described in the foregoing 
For this purpose the invention provides a vortex sep 

arator, in particular for separation or cleaning of fi 
brous suspension, comprising a plurality of individual 
separator units, each including an at least partially con 
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2 
ical vortex chamber having at its larger end at least one 
substantially tangential inject inlet for the suspension to 
be treated, the so-called inject, and an axial accept out 
let for a lighter fraction, the so-called accept, of the 
treated suspension and at its smaller end an axial reject 
outlet for a heavier fraction, the so-called reject, of the 
treated suspension; a common inject compartment for 
the suspension to be treated communicating with the 
inject inlets of all said individual separator units; a com 
mon accept compartment for the lighter fraction com 
municating with the accept outlets of all said individual 
separator units; and a common reject compartment for 
the heavier fraction communicating with the reject out 
lets of all said individual separator units; said compart 
ments being arranged side by side with the reject com 
partment and the accept compartment located on op 
posite sides of the inject compartment; and character 
ized in that each of said individual separator units has 
an elongate outer casing, which encloses the conical 
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vortex chamber and has sealed opposite axial ends and 
a uniform external crosssectional profile over the entire 
length of the casing, that each individual separator unit 
extends completely through said reject, inject and ac 
cept compartments in aligned openings in the walls be 
tween the inject compartment and the reject and ac 
cept compartments respectively, and in the outer walls 
of the reject and accept compartments furthest re 
moved from the inject compartment, so that both axial 
ends of the separator units are accessible from the out 
side at said outer walls of the reject and accept com 
partments respectively, and the separator. units can be 
pushed axially into or out of said compartments 
through said openings in said walls, and that the wall of 
the casing of each separator unit is provided with at 
least one reject port in the portion of the separator unit 
located within said reject compartment and communi 
cating with the reject outlet of the vortex chamber of 
the separator unit, at least one inject port in the portion 
of the separator unit located within said inject compart 
ment and communicating with the inject, inlet of the 
vortex chamber of the separator unit, and at least one 
accept port in the portion of the separator unit located 
within said accept compartment and communicating 
with the accept outlet of the vortex chamber of the sep 
arator unit. . . . . 

The most important advantage of the vortex separa 
tor, according to the invention, resides therein that it 
is possible in a simple and rapid manner to remove and 
replace an individual separator unit without any inter 
ruption of the operation of the separator. An individual 
separator unit which has been put out of operation, for 
instance, due to clogging or any other reason, can con 
sequently be replaced with a new separator unit during 
continued operation of the separator and without any 
extensive disassembling and reassembling. 
Another advantage of the vortex separator, accord 

ing to the invention, is that it is possible during contin 
ued operation of the separator to observe visually the 
reject outlet as well as the accept outlet in each individ 
ual separator unit, whereby it is possible to detect very 
rapidly any clogging of the reject outlets as well as the 
inject inlets of the individual separator units. It is then 
being possible, as explained above, to replace a clogged 
separator unit rapidly and easily with a new unit. 
The vortex separator, according to the invention, has 

also a comparatively simple structural design and re 
quires relative to its capacity less space, both with re 
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spect to floor space and height to ceiling, than prior art 
multiple vortex separators. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the following, the invention will be further de 

scribed with reference to the accompanying drawings, 
which show by way of example some preferred embodi 
ments of a vortex separator according to the invention. 
In the drawings: 
FIG. 1 is an end view, partially in section, of a first 

embodiment of a vortex separator according to the in 
vention, the section being taken along the line I-I in 
FIG. 2; 
FIG. 2 is a side view, partially in section, of the sepa 

rator shown in FIG. 1, the section being taken along the 
line II-II in FIG. 1; 
FIG. 3 shows on a larger scale, and in axial section, 

an individual separator unit in the separator shown in 
FIGS. 1 and 2; 

10 

15 

FIG. 4 is a side view, similar to the one in FIG. 2, of 20 
a vortex separator according to the invention provided 
with means for diluting the reject; 
FIG. 5 shows a cross-section through the separator in 

FIG. 4 along the line V-V in FIG. 4; and 
FIG. 6 shows on a larger scale and in similar manner 

to FIG. 3, how an individual separator unit is mounted 
in the common inject, accept, reject and dilution liquid 
compartments in the vortex separator shown in FIGS. 
4 and 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The vortex separator, according to the invention and 
shown by way of example in FIGS. 1 to 3, comprises a 
cylindrical vessel 1 provided with plane and mutually 
parallel external end walls 2 and 3, respectively and 
two internal, plane partition walls 4 and 5, which are 
substantially parallel to the end walls 2 and 3 and which 
consequently divide the interior of the vessel 1 in three 
compartments 6, 7 and 8. The shell of the vessel is pro 
vided with a pipe connection 9, 10 and 11, respectively, 
to each of the compartments 6, 7 and 8 respectively. In 
the illustrated embodiment, the end walls 2 and 3 and 
the internal partition walls 4 and 5 of the vessel 1 are 
square and project consequently partially outside the 
cylindrical shell of the vessel. This facilitates the instal 
lation of the vessel. As seen in the drawings, the vessel 
1 is resting on bed beams 12 and 13 with angle irons 14 
and 15 respectively, which are attached along one side 
of the square external walls 2 and 3. In the embodiment 
illustrated in the drawings, the vessel 1 is arranged with 
its pipe connections 9, 10, 11 pointing downwards, but 
it is obvious that the vessel could just as well be 
mounted on a support bed with the pipe connections 
pointing upwards or to the one or the other side. In this 
way the position of the vessel 1 can readily be adapted 
to the most suitable arrangement in the surrounding 
plant of the pipe conduits 16, 17 and 18 respectively 
connected to the pipe connections 9, 10 and 11. 
The individual separator units 23 of the separator are 

mounted in the vessel 1, side, by side with their longitu 
dinal axes mutually parallel, and parallel to the axis of 
the vessel 1. As most readily seen in FIG. 3, the separa 
tor units extend completely through the vessel 1 in 
aligned openings 19, 20, 21 and 22 in the walls 2, 4, 5 
and 3 respectively of the vessel. In the illustrated em 
bodiment, the vessel 1 is designed to hold 21 individ 
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4 
ual separator units. As shown in FIG. 3, each individual 
separator unit 23 is shaped as an elongate cylinder hav 
ing a smooth cylindrical external wall with a uniform 
diameter over the entire length of the unit. Conse 
quently, each individual separator unit can separately, 

- and in a very simple manner, be pushed into or out of 
the vessel 1 respectively through the openings 19 to 22 
provided for the separator unit in the vessel walls 2 to 
5. The necessary sealing between the vessel walls 2 to 
5 and the separator units 23 at the openings 19 to 22 
in the vessel walls is in the illustrated embodiment pro 
vided for by seal rings 24 of suitable elastic material, 
which are inserted in the openings 19 to 22 and seal 
against the surface of the separator units 23. In the il 
lustrated embodiment, these seal rings 24 have such a 
design that they are pressed against the surface of the 
separator units 23 by the liquid pressure existing within 
the compartments 6, 7 an 8 during operation of the sep 
arator. The friction between the seal rings 24, and the 
external wall of the separator units 23, is sufficiently 
small, however, soar not to prevent the axial displace 
ment of the separator units into and out from the vessel 
1. 
As shown in detail in FIG. 3, each individual separa 

tor unit 23 comprises a cylindrical, substantially tubu 
lar central body 25, provided with two ducts 26 passing 
through its wall and having tangentially directed ori 
fices into the interior of the central body 25 at one side 
of an internal transverse wall 27. The transverse wall 
27, is provided with a central axial bore 28, to which 
a relatively short tubular piece 29 is connected on the 
one side of the wall 27 and a relatively longer tubular 
piece 30 is connected on the opposite side of the wall 
27. The two tubular pieces 29 and 30 are preferably in 
tegral and may also be integral with the transverse wall 
27. A substantial conical tube 31 is joined with its 
larger end to the one axial end of the central body 25. 
The conical tube 31 is connected to the central body 
25 by means of a tubular cylindrical sleeve 32, which 
has the same external diameter as the central body 25, 
and which is attached to the central body 25 by means 
of a threaded connection 33. The tubular sleeve 32 en 
closes the conical tube 31, and extends axially past its 
narrow end. The outer end of the sleeve 32 is sealed by 
an end plate 34, kept in place by a lock ring 35, 
screwed into an internal thread 36 at the end of the 
sleeve 32. A similar tubular cylindrical sleeve 37 having 
the same external diameter as the central body 25 is 
connected to the other axial end of the central body 25 
by means of a threaded connection 38. The sleeve 37 
encloses the tube 30 and extends, axially past the end 
of the tube 30. The outer end of the sleeve 37 is sealed 
by an end plate 39 kept in place by an externally 
threaded short sleeve 40, which is screwed into an in 
ternal thread 41 in the outer end of the sleeve 37. Adja 
cent its outer end the tubular sleeve 32 is provided with 
two radial ports 42, through which the interior of the 
sleeve 32 communicates with the compartment 6 in the 
vessel 1. In similar manner, the tubular sleeve 37 is ad 
jacent its outer end, provided with two ports 43 
through which the interior of the sleeve 37 communi 
cates with the compartment 8 in the vessel 1. 
This separator unit 23 operates in a manner well 

known in the art. The conical tube 31 forms a substan 
tially conical vortex chamber 44, which receives at its 
larger end the suspension to be cleaned or separated, 
the so called inject, through the tangential ducts 26, 
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which consequently serve as inject inlets to the vortex 
chamber 44 and through which the inject is fed into the 
vortex chamber from the compartment 7 in the vessel 
1. Consequently, the compartment 7 in the vessel 1, 
serves as a common inject compartment for all separa 
tor units 23, to which inject compartment the inject 
suspension is supplied through the pipe conduit 17 and 
the pipe connection 10. Within the vortex chamber 44, 
the suspension forms in well known manner a helical 
vortex, in which the suspension is separated in a 
heavier fraction, the so called reject, concentrated 
close to the wall of the vortex chamber and a lighter 
fraction, the so called accept, close to the center of the 
vortex. The reject, that is the heavier fraction, is dis 
charged from the vortex chamber 44 through its nar 
row open end 45, which consequently serves as a reject 
outlet from the vortex chamber 44. From this reject 
outlet 45, of the vortex chamber 44, the reject flows 
through the openings 42 in the wall of the tubular 
sleeve 32 into the compartment 6 in the vessel 1. Con 
sequently, this compartment 6 serves as a common re 
ject compartment for all separator units 23, from which 
a reject compartment the rejcect is withdrawn through 
the pipe connection 9 and the pipe conduit 16. The ac 
cept, that is the lighter fraction, is discharged from the 
vortex chamber 44 in well known manner through the 
short tube 29, which serves as a vortex finder, and the 
openings 28 in the transverse wall 27 at the larger end 
of the vortex chamber 44. Consequently, the accept 
flows through the tube 30 and its open end 46 and sub 
sequently, through the openings 43 in the sleeve 37 into 
the compartment 8 in the vessel 1. Consequently, the 
compartment 8 serves as a common accept compart 
ment for all separator units 23, from which accept com 
partment the accept is withdrawn through the pipe con 
nection 11 and the pipe conduit 18. 
The two end plates 34 ad 39 consist preferably of a 

transparent material so as to form windows, through 
which the suspension flow at the reject outlet 45 from 
the vortex chamber 44, and at the open end 46 of the 
accept outlet tube 30 respectively, can be observed 
from the outside during operation of the separator. It 
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6 
from the vessel 1 through the openings 19 and 22 in the 
end walls 2 and 3 of the vessel. Thus, the end plate 34 
of the separator unit 23, is provided with a threaded 
plug or screw 47 mounted in a threaded bore in the 
plate 34 and having its inner end shaped as a valve disc 
47a, which can be brought to seal the reject outlet 45 
from the vortex chamber 44 in that the plug 47 is 
screwed inwards. In this way the communication be 
tween the reject outlet 45 of the vortex chamber 44, 
and the openings 42 in the tubular sleeve 32 can be in 
terrupted. In similar manner the other end plate 39 of 
the separator unit, is provided with a threaded plug 48 
mounted in a threaded bore in the plate 39 and pro 
vided at its inner end with a valve disc 48a, which can 
be brought to seal the accept outlet 46 from the vortex 
chamber 44 in that the plug 48 is screwed inwards. In 
this way, the communication between the vortex cham 
ber 44 and the openings 43 in the wall of the tubular 
sleeve 37 can be interrupted. Further, the internal 
thread 36 at the outer end of the sleeve 32, is comple 
mentary or identical to the internal thread 41 at the 
outer end of the other tubular sleeve 37 and fits conse 
quently the external thread on the short sleeve 40. Con 
sequently, the reject end of one separator unit can be 

25 joined to the accept end of another separator unit, in 

30 

35 

that the first unit is screwed with the internal thread 36 
at its reject end onto the sleeve 40 at the accept end of 
the second separator unit. 
For the replacement of a separator unit mounted in 

the vessel 1 with a new separator unit the reject outlet, 
as well as the accept outlet, in both separator units are 
sealed by means of the plugs 47 and 48 in the respec 
tive separator units. Thereafter, one end of the new 
separator unit is joined with the opposite end of the 
separator unit mounted in the vessel 1 in the manner 
described above, whereafter the separator unit 
mounted in the vessel 1 can be pushed out from the 

40 

is, consequently, possible to detect by observation 
through the window 34, if the reject outlet 45 should 
become clogged by solid material. Through the other 
window 39, it is possible to detect if the inject inlet 26 
to the vortex chamber 44, should become clogged. A 
clogging of the inject inlet 26 to the vortex chamber 44, 
will give cause to a characteristic, and readily observ 
able change, in the suspension flow at the open end 46 
of the tube 30; the suspension flow being interrupted if 
the liquid pressures in the accept and reject compart 
ments 8 and 6 respectively are the same; the suspension 
flow becoming laminar instead of vortical if the liquid 
pressure in the reject compartment is higher than in the 
accept compartment; and the suspension flow changing 
direction if the pressure is higher in the accept com 
partment than in the reject compartment. If such a 
clogged, and consequently no longer operating separa 
tor unit is detected, it can, as described in the forego 
ing, easily and rapidly be removed from the vessel 1 
and replaced with a new separator unit. 
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Special arrangements are made in order to make 
such a replacement of an individual separator unit pos 
sible without any overflow of suspension or liquid be 
tween the different compartments 6, 7 and 8 in the ves 
sel 1 and without any leakage of liquid or suspension 

65 

vessel at the same time as the new separator unit is 
pushed into the same place in the vessel 1. Thereafter, 
the replaced separator unit is disconnected from the 
new separator unit, which is now mounted in the vessel 
1 and which can be put into operation in that its plugs 
47 and 48 are screwed outwards so that the reject out 
let and accept outlet of the unit are opened and put into 
communication with the reject compartment 6 and the 
accept compartment 8 respectively. It is appreciated 
that such a replacement of a separator unit with a new 
separator unit can be carried out in short time and in 
a very simple way without any leakage of suspension or 
liquid from the vessel 1 or any overflow of liquid or sus 
pension between the different compartments 6, 7 and 
8 in the vessel. 

It is also appreciated that if one wishes only to re 
move a separator unit from the vessel 1 without replac 
ing it with a new separator unit, this can be done in that 
a solid cylindrical rod or tube is coupled to one end of 
the separator unit and pushed into its place in the vessel 
1 at the same time as the separator unit is pulled out 
from the vessel. 

It is also appreciated that if one wishes only to put 
some separator units in the vessel 1 out of operation, 
for instance for reducing the total capacity of the appa 
ratus, this can be done by closing the reject and accept 
outlets of said separator units by means of the screw 
plugs 47 and 48. 

In the separator unit 23 illustrated by way of example 
in FIG. 3, the tubular sleeves 32 and 37 and also the 



3,861,532 
7 

end plates 37 and 39 with the valve plugs 47 and 48 are 
identical to each other, which reduces the costs for the 
manufacture and stock-keeping of parts for the separa 
tor units. 
From the foregoing, it is obvious that the illustrated 

embodiment of a vortex separator apparatus, according 
to the invention, requires a comparatively small floor 
space as it has to be accessible only at the end walls 2 
and 3 of the vessel 1. Further, the necessary height to 
ceiling is limited to a height corresponding to the diam 
eter of the vessel 1, or the height necessary for the op 
erating personnel. 

It is appreciated, that in addition to the embodiment 
of the invention described in the foregoing, with refer 
ence to the drawings, also many other embodiments of 
vortex separators are possible within the scope of the 
invention. This is, in particular, the case for the de 
tailed structural design of the individual separator 
units, which can vary within wide limits. Thus, it is fun 
damentally not necessary that the individual separator 
units have a cylindrical external shape, even if this 
should be the most practical one in most cases: Essen 
tial is only that the outer casing of the individual sepa 
rator units has a uniform external cross-sectional pro 
file over its entire length, so that the separator units can 
readily be pushed into and pulled out from the common 
vessel through the openings in the end walls and the 
partition walls of the vessel. Thus for instance, the sep 
arator units may instead of a circular cross-section, 
have an elliptical or polygonal cross-section. Further, 
it is also possible to mount the vessel with its axis ver 
tical, and consequently with the separator units verti 
cal, in which case, however, means must be provided 
for retaining the separator units in axial direction in the 
vessel 1. Such an arrangement would, however, proba 
bly make the replacement of the separator units in the 
separator somewhat more complicated. Further, it is of 
course not necessary that the inject compartment, the 
reject compartment and the accept compartment are 
joined to form an integral vessel as in the embodiment 
of the invention described in the foregoing, but these 
compartments could also be erected separately, side by 
side, possibly somewhat spaced from each other. In 
most cases, however, such an arrangement would not 
give any particular advantages. In the embodiment of 
the invention described in the foregoing, with reference 
to the drawings, the reject, inject and accept compart 
ments, have a plane-parallel shape with the individual 
separator units mounted with their longitudinal axes 
mutually parallel. It could also be contemplated, how 
ever, to design the accept, inject and reject compart 
ments, as annular concentric compartments formed by 
concentrically mounted cylinders, in which case the in 
dividual separator units would extend radially through 
the concentric annular compartments. In order to 
make a replacement of the individual separator units 
possible in a manner similar to the one described in the 
foregoing, it would in a separator designed in this way 
obviously be necessary to provide an accessible central 
shaft inside the concentric annular compartments hav 
ing a diameter at least corresponding to the length of 
an individual separator unit. Further, such a separator 
must obviously be accessible from all sides along its en 
tire periphery, if a replacement of the individual sepa 
rator units is to be possible. Such a separator will there 
fore require a much larger floor space than a separator 
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8 
designed as shown in FIGS. 1 to 3 and described in the 
foregoing. 
A problem that may arise in a separator designed as 

described in the foregoing and illustrated in FIGS. 1 to 
3, particularly when used for cleaning or separating fi 
brous suspensions, is caused by the fact that the heavier 
fraction, the so called reject, which is discharged from 
the individual separator units 23 into the common re 
ject compartment 6, may have a comparatively thick 
and viscous consistency. This may cause that the reject 
flow within the reject compartment from the individual. 
separator units to the discharge opening from the reject 
compartment will no longer be uniform in all parts of 
the reject compartment but may cease completely in 
some parts of the reject compartment. It is realized that 
the result will be that the separator units located in 
these parts of the reject compartments are put out of 
operation. The risk of such flow stoppages in some 
parts of the reject compartment is increased by the fact 
that space within the reject compartment is to a large 
part occupied by the separator units through the reject 
compartment, wherefore the flow paths for the reject 
between these separator units are comparatively re 
stricted. This problem can in principle be solved in that 
the consistency of the reject is reduced by addition of 
a dilution liquid, that is pure water when treating a 
paper stock. This requires, however, that the dilution 
liquid can be distributed in a well-defined manner to 
those parts of the reject compartment where it has been 
found that flow stoppages easily occur. 
This is achieved in a very efficient and simple way in 

a vortex separator designed as illustrated in FIGS. 4 to 
6. 
The vortex separator illustrated in FIGS. 4 to 6 com 

prises just as the separator illustrated in FIGS. 1 to 3 a 
cylindrical vessel 1, which has plane parallel end walls 
2 and 3 and which is divided in an inject compartment 
7, an accept compartment 8, and a reject compartment 
6 by plane internal partition walls 4 and 5. In the appa 
ratus of FIGS. 4 to 6, however, the vessel 1 is provided 
with an additional internal partition wall 49 so that the 
vessel contains an additional compartment 50, which is 
located between the inject compartment 7 and the re 
ject compartment 6 and which is used for supplying di 
lution liquid to the reject. The dilution liquid is fed into 
the compartment 50 through a pipe connection 51. 
The individual separator units 23 extend through the 

vessel 1 in the manner described in the foregoing and 
as illustrated with dotted lines in FIG. 4 for a single sep 
arator unit. Consequently, each individual separator 
unit 23 extends through all compartments 6, 7, 8 and 
50 in the vessel, and through aligned openings in all 
walls of the vessel, that is the partition walls 4,49, 5 as 
well as the end walls 2 and 3. The openings for the sep 
arator unit 23 in the additional partition wall 49 are 
designated with 52. In the same manner as in the sepa 
rator described in the foregoing and illustrated in FIGS. 
1 to 3, the individual separator units have their inject 
ports 26 located within the inject compartment 7, their 
accept ports 43 located within the accept compartment 
8, and their reject ports 42 located within the reject 
compartment 6. Within the additional dilution liquid 
compartment 50 the separator units 23 have no open 
ings at all. The openings 22 in the end wall 3, the open 
ings 21 in the end wall 5, the openings 52 in the addi 
tional partition wall 49 and the openings 19 in the outer 
end wall 2 are sealed by means of suitable seal rings 24 
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sealing against the outer surface of the separator units 
23 in the same way as in the separator shown in FIGS. 
1 to 3. " . 

In the openings 20 for the separator units 23 in the 
partition wall 4 between the dilution liquid compart 
ment 50 and the reject compartment 6, however, seal 
rings are omitted for at least some of the separator 
units, as shown in FIGS. 5 and 6, wherefore at these 
separator units an annular clearance or flow passage 
exists from the dilution liquid compartment 50 to the 
reject compartment 6 along and about the surface of 
the separator unit 23. Consequently, during operation 
of the separator, dilution liquid fed into the dilution liq 
uid compartment 50 through the feeder pipe 51 will 
from the compartment 50, flow into the reject com 
partment 6 through the openings 20 in the partition 
wall 4 along and about those separator units 23 which 
are not provided with any seal rings in the openings 20, 
as indicated by arrows 53 in FIG. 3. It is appreciated 
that at these separator units 23 the dilution liquid from 
the compartment 50 will flow into the reject compart 
ment 6 along the outer surface of the separator units, 
whereby the dilution liquid keeps the reject ports 42 of 
the separator units clear so that any clogging of these 
reject ports is prevented, and the dilution liquid will 
also dilute the reject in the adjacent portions of the re 
ject compartment 6 so that the reject can flow more 
easily towards the outlet 16 of the reject compartment 
6. 
As illustrated in FIG. 5, it is in most cases not neces 

sary or preferable to feed dilution liquid into the reject 
compartment 6 at all separator units 23. It may be pref 
erable to seal the openings 20 in the partition wall 4 be 
tween the reject compartment 6 and the dilution liquid 
compartment 50 at some of the separator units 23, in 
the same way as in the separator disclosed in FIGS. 1 
to 3, whereas at other separator units these seal rings 
are omitted, as described above, so that dilution liquid 
from the compartment 50 is fed into the reject com 
partment 6 at these latter separator units. Thus, as 
shown by way of example in FIG. 5, dilution liquid may 
be fed into the reject compartment 6 only at some of 
the separator units 23, whereas at the remaining sepa 
rator units no dilution liquid is fed into the reject com 
partment 6. The separator units 23, at which dilution 
liquid is fed into the reject compartment, are framed by 
a dash-dotted line in FIG. 5. The separator units, at 
which dilution liquid is to be fed into the reject com 
partment in the manner described, are selected on the 
basis of operation experiences so that the dilution liq 
uid is fed into those parts of the reject compartment 
where it has been noticed that stoppages in the reject 
flow easily occur. Generally it is preferable, as shown 
by way of example in FIG. 5, to feed the dilution liquid 
into those parts of the reject compartment which are 
furthest away from the outlet 16 from the reject com 
partment, as stoppages in the reject flow occur most 
often in these remote parts of the reject compartment. 
From the foregoing it is appreciated that the embodi 

ment of a vortex separator according to the invention 
illustrated in FIGS. 4 to 6 has a very simple and unex 
pensive structural design and that it makes it very easy 
to select those parts of the reject compartment into 
which dilution liquid shall be fed, on the basis of tests 
and operation results. 

It is also appreciated that the arrangement described 
above for supplying dilution liquid to the reject com 
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partment does not cause any other changes in the fun 
damental design and mode of operation of the separa 
tor or in its other advantages. 
What is claimed is: 
1. A vortex separator, particularly for separating fi 

brous suspensions, comprising a plurality of individual 
separator units, each including an at least partially con 
ical vortex chamber having at its larger end at least one 
substantially tangential inject inlet for the suspension to 
be treated and an axial accept outlet for a lighter frac 
tion of the treated suspension and at its smaller end an 
axial reject outlet for a heavier fraction of the treated 
suspension; a common inject compartment for the sus 
pension to be treated communicating with the inject 
inlets of all said individual separator units; a common 
accept compartment for said lighter fraction communi 
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cating with the accept outlets of all said individual sep 
arator units; and a common reject compartment for 
said heavier fraction communicating with the reject 
outlets of all said individual separator units, said com 
partments being arranged side by side with said reject 
and accept compartments located on opposite sides of 
said inject compartment, each of said individual sepa 
rator units having an elongated external casing enclos 
ing said conical vortex chamber and having sealed axial 
ends and an uniform external cross-sectional profile 
over its entire length, each individual separator unit ex 
tending completely through said reject, inject and ac 
cept compartments in aligned openings in the walls be 
tween the inject compartment and the reject and ac 
cept compartments respectively, and in the outer walls 
of the reject and accept compartments furthest re 
moved from the inject compartment, whereby both 
axial ends of the separator units are accessible from the 
outside of said outer walls of the reject and acceptcom 
partments and the separator units can be pushed axially 
into and out from said compartments through said 
openings in the compartment walls, the external casing 
of each separator unit being provided with at least one 
reject port communicating with the reject outlet of the 
vortex chamber and positioned in the portion of the 
separator unit located within the reject compartment, 
at least one inject port communicating with the inject 
inlet of the vortex chamber and positioned in the por 
tion of the separator unit located within the inject com 
partment, and at least one accept port communicating 
with the accept outlet of the vortex chamber and posi 
tioned in the portion of the separator unit located 
within the accept compartment. 

2. A vortex separator as claimed in claim 1, wherein 
said reject, inject and accept compartments are parts of 
a common vessel having two substantially plane and 
parallel outer walls for the reject compartment and the 

55. accept compartment respectively, and two internal 
plane partition walls parallel to said outer walls be 
tween the inject compartment and the reject and ac 
cept compartments respectively, said individual separa 
tor units extending through said vessel with their longi 
tudinal axes mutually parallel and substantially perpen 
dicular to said walls of the vessel. 

3. A vortex separator as claimed in claim 2, wherein 
said vessel is cylindrical and supported with its axis hor 
izontal. 
4. A vortex separator as claimed in claim 1, wherein 

each of said individual separator units is provided at its 
one axial end with first mechanical coupling means and 
at its opposite axial end with second mechanical cou 
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pling means, said first and second coupling means 
being complementary, so that one end of a first separa 
tor unit can be connected to the opposite end of a sec 
ond separator unit by means of said first and second 
coupling means respectively, provided at said ends of 
said first and second separator units, whereby a separa 
tor unit can be removed from said reject, inject and ac 
cept compartments and replaced with a new separator 
unit in that one end of said new separator unit is con 
nected to the opposite end of said first mentioned sepa 
rator unit and subsequently pushed into said compart 
ments, at the same time, as the first mentioned separa 
tor unit is pushed out from the compartments. 

5. A vortex separator as claimed in claim 1, wherein 
each of said individual separator units is provided with 
two valve means operable from the outside of the oppo 
site axial ends of the separator unit for shutting off re 
spectively the communication between the reject outlet 
of the vortex chamber, and the reject port in the exter 
nal casing of the separator unit and the communication 
between the accept outlet of the vortex chamber and 
the accept port in the external casing of the separator 
unit. 

6. A vortex separator as claimed in claim 5, wherein 
said valve means include threaded plugs screwed into 
aixal threaded bores in the axial end walls of the exter 
nal casing of the separator unit and provided at their 
inner ends with valve discs adapted to close the reject 
outlet and the accept outlet of the vortex chamber re 
spectively when the threaded plugs are screwed in 
wards into the separator unit. 

7. A vortex separator as claimed in claim 1, wherein 
the axial end walls of the external casing of the separa 
tor unit are transparent. 

8. A vortex separator as claimed in claim 1, compris 
ing an additional compartment provided with an inlet 
for feeding a dilution liquid into the compartment, said 
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additional compartment being located next to said re 
ject compartment and separated therefrom by a parti 
tion wall, which is provided with openings through 
which said individual separator units extend, at least 
some of said openings being provided with annular flow 
passages around the separator units extending through 
said flow passages, whereby dilution liquid can flow 
through said annular flow passages from said additional 
compartment into said reject compartment. 

9. A vortex separator as claimed in claim 8, wherein 
only those openings in the partition wall between the 
reject compartment and said additional compartment, 
which are associated with a predetermined group of 
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12 
separator units, are provided with said annular flow 
passages, whereas the openings provided in said parti 
tion wall for all other separator units are sealed against 
the outside of the separator units extending there 
through, said predetermined group of separator units 
comprising those separator units which are located fur 
thest away from the reject outlet from said reject com 
partment. 

10. A vortex separator, as claimed in claim 8, 
wherein said additional compartment is located be 
tween said reject compartment and said inject com 
partment. 

11. A vortex separator, as claimed in claim 1, 
wherein said external casing of each individual separa 
tor unit is cylindrical with a constant diameter over the 
entire length of the casing. 

12. A vortex separator as claimed in claim 11, 
wherein each individual separator unit comprises a cy 
lindrical, substantially tubular central body forming a 
central portion of the cylindrical casing of the separa 
tor unit, and having an internal transverse wall pro 
vided with a central axial aperture and in its circumfer 
ential wall at least one flow duct extending substantially 
tangentially from the outside of the central body to the 
interior of the central body on one side of said trans 
verse wall; a conical tube forming said vortex chamber 
and joined with its larger end to the axial end of said 
central body located on said one side of said transverse 
wall; a first cylindrical tubular sleeve having the same 
external diameter as said central body and attached at 
one end to said axial end of said central body so as to 
enclose said conical tube and extending at its opposite 
end axially past the smaller end of said conical tube; a 
first end plate sealing said opposite end of said first tu 
bular sleeve; a second cylindrical tubular sleeve having 
the same external diameter as said central body and 
connected at its one end to the opposite axial end of 
said central body; and a second end plate sealing the 
opposite end of said second tubular sleeve; each of said 
first and second tubular sleeves being provided with at 
least one aperture in its wall adjacent said opposite end 
of the sleeve. 

13. A vortex separator as claimed in claim 12, com 
prising a tube having substantially the same inner diam 
eter as said central aperture in said transverse wall of 
said central body and extending from said transverse 
wall within said second tubular sleeve to a point adja 
cent but axially spaced from said second end plate. 
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