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HYDROCYCLONE

The present invention relates to a separating cyclone for

gr—

separating a mixture of liquids and/or gases into a heavy

fraction with one or more liquids and/or gases of a

relatively high specific mass and a

or more liquids and/or gases of a relatively low speci:

mass. The invention also relates to

light fraction with one

r—
pa—

1C

the separation of such a

mixture of liguids and/or gases into a heavy fraction and a

light fraction.

Such separating cyclones, also referred to as

hydrocyclones, are used mainly, though not exclusively, to

separate oil and water in the o0il industry. The light

fraction, also referred to as the light phase, is formed here

by the o0il, while the heavy fraction, also referred to as the

heavy phase, i1s formed by the water. In a known type of

-y

hydrocyclone a mixture of liquids and/or gases is guided via

a tangential inlet into the cyclone. As a result of the

tangential inlet the incoming mixture is set into rotation.

Because of the difference in density between the light

fraction and heavy fraction the light phase will be displaced

]

to a central region 1n the middle o:

heavy fraction 1s displaced under the influence of

- the cyclone, while the

-

centrifugal forces to a peripheral region close to the inner

surface of the cyclone tube. A flow

discharge channel (also referred to

body provided with a

as “vortex finder’”) can

be placed in the middle of the cyclone.

In a reverse flow hydrocyclone the light fraction changes

direction and is discharged via said discharge channel in the

direction of the light phase outflow, and subsequently

discharged from the outflow. The side from which the light
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phase is discharged is also referred to as the overflow or

reject side. The heavy phase leaves the cyclone tube on the

side opposite the inlet, this side also being referred to as

the underflow side. It is the desire 1n principle that only

the light phase leaves the cyclone on the overflow side. It
is the case in practice that, in order to achieve stable

operation of the cyclone, an unnecessarily large quantity of

heavy fraction also leaves the cyclone on the overflow side

in addition to the light fraction.

e

In cyclones of another type (also referred to as axial

flow hydrocyclones) the incoming mixture 1s suppllied axially
instead of tangentially, and the mixture is set into rotation

by a swirl element. The swirl element comprises one or more

stationary curved guide fins which set the mixture flowing

along them into rotation. Such an axial flow hydrocyclone has

the advantage that there i1s a lower pressure drop and a more

uniformly rotating flow pattern over the cyclone, whereby a

more stable interface can be realized between the light

fraction and the heavy fraction. Axial flow hydrocyclones can

moreover be constructed with a more limited overall length.

In both types of cyclone there are provided wvalves on the

overflow side and the underflow side with which the pressure

on each of the sides can be controlled. By adjusting the

valves the position of the interface between the above-

mentioned central region, in which the light fraction 1is

situated, and the peripheral region, 1in which the heavy

fraction is located, can be adjusted as reguired.

A drawback of both types of hydrocyclone i1is however that

it has been found that, in order to be able to bring about a

P
gy

reasonable separation of the light fraction (usually the

oil), 20 to 50 times the volume of the light fraction of

heavy fraction must leave the overflow outlet. In axial

cyclones the volume percentage of the light fraction relative
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to the heavy fraction 1s for instance about 2% and in

tangential cyclones this proportion is about 4%. This

that the separated light fraction remains to large ex

means

tent

mixed with the heavy fraction, which i1s of course undesirable

g—
e’

in terms of separating efficiency.

From the document US 6 024 874 a cyclone 1s known which

is provided with a tangential inlet for setting an incoming

mixture into rotation. This brings about a separation of the

mixture into a light and a heavy fraction. One fracti

on 1s

discharged via a discharge channel and outlet provided in a

flow body arranged centrally in the cyclone, while the other

fraction is discharged via an opposite outlet. The discharge

channel is provided with a channel portion with a cross-

section decreasing in the flow direction. The known cyclone

does not however have valves with which the pressure

side of the light fraction discharge and on the side

on the

of the

heavy fraction discharge can be adjusted, and therewith the

position of the interface between the region of the light

fraction and the region of the heavy fraction. The separation

by the known cyclone is hereby less stable and the separating

efficiency is limited.

separating cyclone, method and assembly with which a

separating efficiency can be achieved.

It is an object of the present invention to provide a

higher

Is also an object of the present invention to provide a

separating cyclone, method and assembly with which, during

separation of a light phase from a mixture of liquids and/or

gases, the required quantity of heavy fraction entrained with

the light fraction is reduced.

It is also an object of the invention to provide

d

ration

separating cyclone, method and assembly in which sepe

can be performed in more stable manner.
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In order to achieve at least one of the stated

N

objectives, there is provided according to a first aspect of

the invention a separating cyclone for separating a mixture

of liguids and/or gases into a heavy fraction with one or

more liquids and/or gases of a relatively high specific mass

‘

and a light fraction with one or more ligquids and/or gases of

a relatively low specific mass, the cyclone comprising:

- a cyclone tube in which a flow space is defined,

wherein the cyclone tube is provided with an inlet for infeed

a mixture of at least two different liguids and/or gases,

Vi)

O

a heavy fraction outlet for discharging the heavy fraction

separated from the mixture and a light fraction outlet for

discharging the light fraction separated from the mixture;

—~ a rotation generating unit for setting the mixture into

rotation;

- a flow body arranged substantially concentrically in

the cyclone tube, in which body is provided a light fractilon

discharge channel connected to the light fraction discharge,

wherein the discharge channel has in flow direction a cross-

section substantially decreasing along at least a portion of

the length of the discharge channel;

— a first pressure control element connected to the heavy

pu—

fraction outlet for adjusting the flow rate of the heavy

fraction to be discharged;

- a second pressure control element connected to the

F

light fraction outlet for adjusting the flow rate of the

light fraction to be discharged;

- control means for controlling the first and second

pressure control element;

wherein the control means are adapted to cause the interface

between the heavy fraction and light fraction to make contact

with the inner side of the discharge channel during use.



10

15

20

25

30

WO 2007/021181

CA 02619710 2008-02-15

5

By providing the discharge channel for

PCT/NL2006/000424

the light fraction

at least partially with a cross—-section decreasing in the

flow direction it has been

found possible to discharge more

Llight fraction with a small quantity of entrained heavy

fraction, wherein the stability of the separating cyclone 1is

also maintained, or even improved. The device comprises a

first pressure control element connected to the heavy

fraction outlet and a second pressure control element

connected to the light fraction outlet for

adjusting the flow rate,

respectively the hea

VY

fraction and light

and thereby the pressure o

the purpose of

N

fraction to be

discharged. The desired flow rate, and thereby the pressures

occurring on the ove

rflow side and under:

Flow side can be set

by correct adjustment of each of the pressure control

]

elements. The adjustment of the two pressure control elements

g
o

has a direct e

fraction in the ligh

t

P

properties of the cyclone.

Control means are provided, for inste

fect on the interface between the heavy

fraction, and thereby on the separating

nce an electronic

circuit with which two control valves provided in the

respective outlets can be adjusted,

for the purpose of

controlling the pressure control elements such that the above

stated desired differentis

In a preferred embodiment O

1 pressure ratio can be realized.

- the invention the said

channel portion has a cross-—-section which decreases

substantially uniformly in the

instance a substantially conical form.

flow direction, such as for

In this embodiment it

is relatively simple to position the interface between the

light fraction and the heavy fraction in the flow space such

that i1t makes contac

- with the inner side of the discharge

channel. It has been found that if this interface makes

contact with the inner side of the discharge channel,

practically all heavy fraction is removed, while a minimal
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quantity of light fraction 1s still entrained into the

discharge channel and discharged along this channel. This has

gr—
e

a great positive effect on the separating e:

gr— g
=

ficiency of the

cyclone.
According to another preferred embodiment, the said

channel portion has a cross-—-section decreasing progressively

in the flow direction.

According to another preferred embodiment, said channel

portion has a cross—-section decreasing degressively in the

flow direction.

According to a further preferred embodiment, sailid channel

portion is provided close to the inflow opening of the

discharge channel or, more preferably, connecting onto the

inflow opening of the discharge channel. This enables a

simple and precise adjustment of the point of contact of the

interface between the light fraction and the heavy fraction

o

inside the discharge channel, and thereby of the separating

P

efficiency of the cyclone.

According to a determined preferred embodiment, the

rotation generating unit comprises one or more guide fins,

along which the inflowing mixture can be guided. The gulde

')

fins are mounted in many cases between the inner surface o:

the cyclone tube and a flow element arranged centrally in the

g
L

cyclone tube. Such guide fins, which form part of what 1is

also referred to as a swirl element, set the incoming mixture

into rotation, this mixture flowing preferably - though not
exclusively as discussed above - axially into the cyclone via
an inlet, so that downstream of the guide fins there 1is

created an outer region, in which substantlally a heavy

fraction is situated, and an inner region in which

substantially the light fraction is situated. Alternatively

or additionally to the guide fins, the rotation generating

unit can also comprise a tangential inlet element. In this
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embodiment the incoming mixture 1s fed tangentially and set

N

into rotation. Also defined in this embodiment downstream O:

the rotation generating unit is the outer region in which

substantially a heavy fraction 1is situated and an inner

region in which substantially a light fraction i1s situated.

_

In a preferred type of separating cyclone, also referred

to as reverse flow cyclone, the flow element which 1is
provided substantially concentrically in the flow space and

in which the rotation generating unit is provided 1S

integrated with the above-mentioned flow body in which the

discharge channel is provided. Once the liquid (or the gas)

N

has been set into rotation by the rotation generating unit of

the flow element, the light fraction is discharged by the

same flow element (flow body). The light fraction 1is

therefore fed back while the heavy fraction continues on 1ts

way. An advantage of this embodiment is that the cyclone can

be given an extremely compact form.

According to another preferred embodiment however, the

flow element on which the guide fins are provided and the

flow body in which the discharge channel is provided are

embodied individually, wherein the flow body 1s disposed

downstream some distance from the flow element. Such a

cyclone is also referred to as axial flow cyclone. In this

s
a0

fraction and the light

pr—
B

fraction are

embodiment both the heavy

discharged axially and substantially without reversing the

direction of movement, wherein the latter fraction 1is

discharged via the discharge channel provided downstream in

the flow body. In this embodiment a passage can preferably be

—

defined between the inner side of the cyclone and the outer

F

side of the flow body, this passage being connected to the

heavy fraction outlet. This passage enables discharge of the

heavy fraction without the transporting direction of the

heavy fraction here having to be adjusted.
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In a further preferred embodiment rotation reducing units

can be provided in said passage for reducing the rotation of

the heavy fraction flowing therealong, which brings about a

)

reduction in the pressure drop over the cyclone. Such a

recovery of pressure is in many cases not necessary, and the

rotation reducing unit can be dispensed with.

According to a further preferred embodiment, there are

provided in the discharge channel for discharging a light

1)

rotation o:

pre—
by

fraction one or more rotation reducing units for reducing

the light fraction flowing therealong. Such a

recovery of pressure is not necessary 1n many cases, and the

rotation reducing units can be dispensed with.

According to a further preferred embodiment, the

separating cyclone comprises an elongate element, preferably

a rod, arranged between the first and second flow body and

extending concentrically relative to the discharge channel

=

Stabilizing of the light

for the purpose of stabilizing the rotating light fraction.

fraction flow results i1in a less

irregular interface between the light fraction and heavy

fraction, so that the above-mentioned interface contact point

in the discharge channel can be more readily adjusted. This

has the result that a better separation can be realized with

a reduced amount of entrained heavy fraction.

According to a further preferred embodiment, the elongate

element extends into the discharge channel and preferably to

a position beyond said channel portion, thilis further

enhancing the stability of the cyclone, particularly in gas-

liquid situations.

According to a further preferred embodiment, the

discharge channel extends

at least one of the guilde

through the flow body and through

fins provided on the flow body, so

that an extremely compact cyclone can be obtained.
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In another preferred embodiment the cyclone comprises two

successively coupled separating cyclones, wherein the

separated heavy fraction from the first separating cyclone 1s

n

carried into the second separating cyclone for the purpose o:

further separation into a heavy and a light fraction. The

second cyclone is here preferably of the type 1n which the

discharge channel is arranged through a guide fin in order to

enable discharge of the light fraction.

According to another aspect of the invention, a method 1is

provided for separating a mixture of liguids and/or gases

into a heavy fraction with one or more liquids and/or gases

p—

of a relatively high specific mass and a light fraction with

one or more liquids and/or gases of a relatively low specific

mass, the method comprising of:

- guiding the mixture to be separated via an inlet

through a flow space defined 1n a cyclone tube;

- generating rotation of the mixture flowing through the

flow space for the purpose of separating the mixture into the

heavy fraction and light fraction;

— guiding the heavy fraction to a heavy fraction outlet;

— guiding the light fraction through a discharge channel

in a flow body arranged substantially concentrically in the

cyclone tube such that the interface between the heavy

fraction and light fraction makes contact with the 1nner side

g

of the light fraction discharge channel.

—

When the discharge channel of the cyclone has a Cross-

section substantially decreasing in flow direction over at

least a portion of the length of the discharge channel, the
step of guiding the light fraction through the discharge
channel preferably comprises of guiding thereof such that

p—

ace makes contact with the inner side of said

sald 1nter:

pr—

portion of the discharge channel.
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A separating cyclone of the type described herein is

preferably applied in the method defined herein.

Finally, there is provided according to a further aspect

of the invention an assembly comprising a separating vessel

provided with separating walls for subdividing the inner

space of the separating vessel into an inlet compartment, a
heavy fraction compartment and a light fraction compartment,

wherein the separating vessel is provided with an 1nlet

element for supply of the mixture to be separated to the

inlet compartment, a light fraction outlet element for the

discharge of light fraction from the light fraction

compartment, and a heavy fraction outlet element for the

discharge of heavy fraction from the heavy fraction

compartment, wherein a number of separating cyclones of the

type described herein according to the invention arranged on
both separating walls are provided in the separating vessel,

and wherein each of the separating cyclones is arranged with

its inlet in the inlet compartment, with its light fraction

outlet in the light fraction compartment and with 1ts heavy

fraction outlet in the heavy fraction compartment.

It has further been found that an exceptionally good

separating result can be achieved when a mixture to be

separated is guided first through a cyclone of the axial flow

P

type and subsequently through a cyclone of the reverse flow

type. According to another aspect of the invention, there 1is

therefore provided a separating cyclone for separating a

mixture of liquids and/or gases into a heavy fraction with

o

- a relatively high

one or more ligquids and/or gases O:

specific mass and a light fraction with one or more liquids

and/or gases of a relatively low specific mass, the cyclone

comprilising:

- a cyclone tube in which a flow space is defined,

wherein the cyclone tube is provided with an inlet for infeed



10

15

20

29

30

CA 02619710 2008-
WO 2007/021181

11

g——"
o

of a mixture of at leaét two dai:

02-15
PCT/NL2006/000424

ferent liquids and/or gases,

a heavy fraction outlet for discharging the heavy fraction

separated from the mixture, a first

light fraction outlet for

discharging a first part of the light fraction separated from

the mixture and a second light frac

discharging a second part of the 11

from the mixture;

tion outlet for

ght fraction separated

— a first flow element provided with one or more guide

fins for setting the incoming mixture into rotation;

—~ a first flow body which is arranged substantially

concentrically in the cyclone tube

and in which is provided a

light fraction discharge channel connected to the first light

fraction outlet;

- a second flow body which 1s provided with one or more

guide fins and arranged substantially concentrically in the

cyclone tube and along which the heavy fraction is guided,

wherein a discharge channel is provided in the second flow

body and in at least one of the guide fins for discharging

the light fraction separated from the supplied heavy fraction

to the second light fraction outlet. An exceptionally good

separating result can be obtained with this separating

device. Construction of the device

can moreover be guite

compact because the discharge channel for the second light

fraction is arranged in the flow body and subsequently in the

guide fins themselves.

The discharge channels in the flow element and/or the

cross—section substantially decreasing over at least a

flow body are preferably of the type described herein with a

rge channel. This 1s not

portion of the length of the dische

essential however. Good separating

results can also be

obtained with a separating device provided with one or more

“straight” discharge channels.
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g

According to a preferred embodiment the inflow mouth o:

the first light fraction discharge channel is positioned

upstream of the first flow body, and the inflow mouth of the

o

second light fraction discharge channel is positioned

downstream of the second flow body, so that an improved

'

separating efficiency is provided with a compact structure oI

the cyclone.

Further advantages, features and details of the i1invention

will be elucidated on the basis of the following description

B!

of a number of preferred embodiments thereof. Reference 1is

made 1in the description to the figures, in which:

figure 1 shows a longitudinal section of a known

hydrocyclone;

figure 2 shows a perspective view, cut away in

i

longitudinal direction, of a first embodiment of the present

invention:

figure 3 shows a longitudinal section of the first

embodiment;

figure 4 shows a perspective view, cut away 1in

longitudinal direction, of a second embodiment of the present

invention;

o~

figure 5 shows a cross-section of the second embodiment;

figure 6A shows a perspective view, cut away in

sney

longitudinal direction, of a preferred embodiment of an

assembly according to the invention;

figure 6B is an enlarged detail of one of the separating

—

cyclones of the assembly shown in figure 5;

- fourth

0}

figure 7 shows a longitudinal section oO:

preferred embodiment of the inventlon;

figure 8 shows a longitudinal section of a fifth

preferred embodiment of the invention;
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figure 9 shows a longitudinal section of a flow body

provided with a discharge channel according to a further

preferred embodiment of the invention;

figure 10 is a longitudinal section of a flow body

provided with a discharge channel according to yet another

gritun

preferred embodiment of the invention;

figures 11 and 12 show partially cut-away views in

perspective of a further preferred embodiment of the

invention; and

figure 13 shows a partially cut-away view in perspective

y—

of a separating vessel in which are disposed a number of

-

cyclones according to the preferred embodiment of figures 1l-

13.

In a hydrocyclone of the tangential or axial type the

mixture entering the cyclone space is set into rotation

respectively by a tangential inlet element and a swirl

element. Because of the difference in density between the

light phase, i.e. for instance the o0il, and the heavy phase,

i.e. in this example the water, the oil is transported to the

centre of the cyclone.

Figure 1 shows an example of a prior art reverse flow

hydrocyclone, in which the rotating core of the light

fraction, i.e. the o0il layer, is discharged via the discharge

channel in the flow body, while the rotating mixture in the

outer region of the cyclone, i.e. the water, is discharged

via the water outlet. In a hydrocyclone of the reverse flow

type the oil is discharged together with an unnecessarlly

large quantity of water in the direction of the overflow

outlet, while the clean water 1s carried in the opposite

direction to the underflow outlet. In the flow space in the

cyclone there is therefore present a water/oil interface in

which the oil and the water have opposing directions.
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Figure 1 shows three situations with differing oil/water

interface positions. In the first situation (A) the region in

which the o0il is substantially located 1s bounded by an

interface which makes contact with the outer side of the flow

g
p—

body of the cyclone. In this situation only a part of the oil

is discharged via the discharge channel in the flow body,

while the rest enters the water outlet. The water outlet 1is

therefore contaminated with a quantity of oil, which 1is

undesirable. In the second situation (B) interface 2 extends

g—

in lengthwise direction of the discharge channel and does not

therefore make contact with the flow body. While in this

situation all oil is discharged from the oil outlet

discharge, the oil outlet still also comprises a large

4!

quantity of water, this reducing the separating efficiency o:

the cyclone. It has been found in practice to be difficult,

if not impossible, to adjust the interface precisely such

that only o0il is discharged via the discharge channel while

only a minimal amount of o0il enters the water outlet.

Tt has moreover been found that instabilitilies occur as a

consequence of the so-called Kelvin-Helmholz phenomenon. If a

pr—
pa—

moving layer of two different types of liquid is present,

this layer can become unstable because of, among other

factors, differences in velocity and density between the two

gr—.

layers. If these differences are too great, droplets of the

one liquid can enter the flow of the other liquid, whereby

the stability of the interface is to a large extent lost. For

a hydrocyclone this means that parts of the already separated

0il enter the water and leave the cyclone from the water

outlet (on the underflow side). This means in practice a

reduction in the separating efficiency of the cyclone.

Because in the above stated known hydrocyclone a large

gl

quantity of water is entrained to the oil outlet in addition

to the 0il in the second situation (B), relatively high
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I

speeds occur in the flow space of the cyclone as a result o:

the large volume flow, whereby a large difference in speed

can occur between the overflow and underflow. This causes the

above-mentioned Kelvin Helmholz instabillitiles, resulting in

unstable separating behaviour of the cyclone.

gr—
p—
—

Figures 2 and 3 show a first preferred embodiment of a

cyclone 1 according to the invention. Cyclone 1 comprises a

cyclone tube 2 which is constructed in the shown embodiment

from a relatively narrow cyclone tube part 3 with a cross-

section decreasing toward the right outer end, a relatively

wide cyclone tube part 4 and an intermediate part S5 between

cyclone tube part 4 and cyclone tube part 3. A flow element ©

is arranged in the inner space 7 enclosed by the wide cyclone

tube part 4. In the shown embodiment the flow element has a

round cross—-section, although this does not always have to be

the case. A guide fin 8 or a plurality of guide fins 1is

p—

arranged on the flow element and on the inner side of cyclone

tube part 4. Guide fin 8 consists of a plate which 1s curved

such that the liguid mixture (P,) to be separated entering

via inlet 10 is gquided along guide fins 8 and is thereby set

into rotation (P,). As a result of the rotation the

relatively heavy liguids, in the example of an oil-water

separator the water, will be directed under the influence of

the centrifugal forces toward an outer region adjoining the
inner side of cyclone tube 2, while the relatively light

liquids, in said example the o0il, will be directed

substantially in the centre of the cyclone tube. The

interface (G) between the o0il and the water i1s shown in

figure 3. Provided at the position of water outlet 11 or

i

downstream thereof and at the position of oil outlet 15 or

downstream thereof are pressure control units (not shown)

—

with which the local speed and therefore pressure of the

underflow and the overflow respectively can be adjusted. The
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pressure control units hereby also provide for the position

of the oil-water interface.

Via the discharge channel 12 provided in flow body 6 the

0il is transported from inlet opening 9 to outlet opening 15

(P., P;) . The light fraction located in the outer reglion on the

inner side of cyclone tube 2 is gulded while already rotating

(P,) in the direction of the heavy phase outlet 11, and

discharged from outlet 11 (P,).

As shown in figures 2 and 3, discharge channel 12 in flow

body 6 for discharging the light fraction is provided with a

substantially straight portion 14 and a substantially conical

portion 30. The conical portion 13 extends from infeed

opening 9 of the discharge channel and has a diameter

decreasing in flow direction (Pg). As a result the position

of the interface (G) between the light fraction and the heavy

fraction can be adjusted in simple manner by operating the

above-mentioned pressure control units so that the interface

makes contact with discharge channel 12 in said conical

portion 30. Due to the conical form there is after all a
greatly reduced risk that the interface will run parallel to

discharge channel 12 and not therefore make contact with the

inner side thereof, so that a heavy fraction (water) would be

entrained with the light fraction (o0il). Because the

interface can be adjusted in simple and efficient manner such

that it makes contact with the discharge channel 12 at a

random point, light fraction (for instance o0il) 1s prevented

from entering underflow outlet 11 or heavy fraction (for

instance water) is prevented from entering overflow outlet 105

in substantial quantities.

Figures 4 and 5 show a second preferred embodiment of the

invention. In these figures the same reference numerals

designate the same or similar components as those of the

First embodiment. Instead of axial feed via an inlet 10 of
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the mixture to be separated and subsequent setting into

rotation of the inflowing mixture by guiding thereof along

one or more stationary guide fins 8, the incoming mixture is

introduced (P,) via one or more tangential inlets 16 into the

cyclone tube closed at one end with end wall 17. In

combination with the curved inner surface of cyclone tube 2,

inlet openings 16 form a tangential inlet element with which

the incoming liquid mixture is set into rotation. Once the

liquid mixture has been set into rotation, a process occurs

similar to that described above. The relatively heavy

fraction (for instance the water) of the mixture 1s driven

into the outer region c¢close to the inner side of cyclone tube

2, while the relatively light fraction (the oil) of the

mixture comes to lie in a central region. Due to the conical

portion of the discharge channel it 1s also easier 1n this

embodiment, using the above mentioned pressure control units,

to have the interface (G) between the heavy fraction and the

light fraction make contact with the inner surface of conical

portion 13 of discharge channel 12, so that not only is all

light fraction discharged from the light fraction outlet 15,

but no heavy fraction, or hardly any, 1s discharged via this

same light fraction outlet 15.

In figures 6A and 6B is shown a third preferred

embodiment of the invention. In this embodiment a number of

substantially parallel cyclones 25 of the type described
herein are arranged in a separating vessel 20 disposed
horizontally (or obliquely or vertically). Separating vessel

20 1s provided with a first connecting stub 21 wvia which the

mixture to be separated can be supplied (Py). Separating

vessel 20 is also provided with a light fraction outlet stub

22, along which the light fraction can be discharged (P;).

Finally, a heavy fraction discharge stub 23 is provided on

the right-hand side of separating vessel 20 for discharxge
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(P,) of the heavy fraction. Connecting stubs 22 are provided

with respective pressure control units 30,31 with which the

flow rate (volume per unit time) of the mixture flowing

therealong can be adjusted. A pressure control unit 30,31

—

consists for i1nstance o

an adjustable valve which is placed

in a conduit and whereby more or less liquid can flow per

unit time through the relevant conduit subject to the

n

position of the valve. The flow divided between overflow

outlet 22 and underflow outlet 23 can be adjusted as required

by setting each of the control units 30,31, for instance such

that a specific differential pressure ratio (DPR) can be
brought about.

Three compartments can be distinguished 1in vessel 20, in

that cyclones 25 are arranged in a first separating wall 23

and a second separating wall 24. An inlet compartment I 1is

defined between the first separating wall 23 and the second

separating wall 24, while a heavy fraction outlet compartment

g

(ITI) is defined on the right-hand side of the second

separating wall 24, and a light fraction outlet compartment

(II) is defined on the left-hand side of first separating

wall 23. Cyclones 25 extend beyond separating walls 23,24,

this such that the liguids entering wvia inlet 21 can only

reach the two outlet compartments II, III via one or more ot

the cyclones 25. In the shown embodiment cyclones 25 are

embodied in the form of the embodiment which is shown 1n

figures 4 and 5 and which is provided with a tangential inlet

and with a conical portion 13 of discharge channel 12, as

shown in more detail in the enlargement of figure 6B. The

mixture to be separated coming in via inlet 21 enters

cyclones 25 (P,) via each of the tangential inlet openings

16, whereafter a separation takes place in the above

described manner between the heavy fraction and the light

fraction. The light fraction is discharged via discharge
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channel 12 and enters the light fraction outflow compartment

II. The heavy fraction continues on its way in the direction

of the second separating wall 24 and eventually enters (Py)

the heavy fraction outlet compartment III. In the shown

embodiment it is possible to suffice with a single pressure

control unit 34 for overflow outlet 22 and a single pressure

control unit 31 for the underflow outlet unit. In other

embodiments as described above and as will be described

hereinbelow, each of the separating cyclones can be provided

with its own overflow control unit.

Figure 7 shows a third preferred embodiment of the

invention. In this preferred embodiment the same reference

numerals designate the same or similar components as in the

above described embodiments. In a cyclone tube 31 a mixture

to be separated is supplied in axial manner (P,,) and set 1into

rotation by means of one or more swirl elements 34 provided

on a flow element 32. The mixture set into rotation (Pq;)

enters a flow space 43. Flow space 43 forms a channel of a

random form, for instance cylindrical, diverging, converging

or a combination of diverging and convergling. In the shown

embodiment a first converging then diverging form 1s provided

by arranging a further flow element 35 in cyclone tube 31.

Under the influence of the rotation of the supplied mixture

the heavy fraction is flung outward and comes to lie in the

outer region close to the inner walls of cyclone tube 31. The

heavy fraction is discharged (P,,) via an annular discharge

gr—y

channel 44 in the direction of the heavy fraction outlet. In

the shown embodiment one or more anti-swirl elements 39,

preferably comprising one or more guide fins, are arranged in

discharge channel 44. These gulde fins have a curvature

decreasing in the flow direction in a manner such that the

degree of rotation of the mixture flowing therealong 1s

reduced in order to recover some measure of pressure. The
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light fraction, which in the above described embodiments

changed direction and was discharged via a discharge channel

in the flow body, is discharged according to this embodiment

pr—
e

without reversing the direction of transport. The light

F

a

fraction enters a light fraction discharge channel 37 o:

flow body 36 arranged centrally in cyclone tube 31. Discharge

tube 37 is provided with a conical portion 38 so that, in

similar manner as described above, the 1nterface between the

heavy fraction and the light fraction can make contact with

. -

~he inner surface of conical portion 38 in simple manner such

that all, or practically all, light fraction i1is dilscharged,

while no heavy fraction, or hardly any, is entrained and

discharged (P,;3) via the light fraction discharge channel 37.

Figure 8 shows a further preferred embodiment which is

largely similar to the embodiment shown in figure 6A. A

further explanation of the operation of this embodiment is

therefore omitted here to the extent i1t is l1dentical to that

of the embodiment of figure 6A. In the embodiment shown in

figure 8 a central rod 40 is fixed to the conical outer end

33 of flow element 32. In the shown embodiment the rod

extends parallel to the cyclone tube and to the discharge

channel 37 provided in flow body 36. By arranging rod 40

centrally in the cyclone tube the rotating movement of the

i

light fraction in the direction of discharge channel 37

g
—

becomes more stable, this enhancing the separating efficiency

gr—

of the cyclone.

In the shown embodiment the rod 40 1is arranged through a

distance L (figure 7), the distance L being such that the

outer end of the rod protrudes into the discharge channel

beyvond the region in which the conical portion of the
discharge channel is situated. In another embodiment (not
shown) central rod 40 extends less far, for instance only to

——

a position before the mouth 9 of discharge channel 37/. In
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p—
v

both situations the central rod 40 provides for a more stable

transport of the light phase in the direction of and through

discharge channel 37.

In the above described preferred embodiments of the

invention the discharge channel of the light fraction is

embodied with a cross-section decreasing 1n the flow

direction (for instance P;) in that the discharge channel 12

is provided with a conical portion 13. The portion of the

discharge channel in which the cross-section decreases does

not however have to be cone-shaped, nor does it have to bring

about a constant decrease in the cross-section.

In figure 9 is shown for instance an embodiment in which

the curved portion 46 of discharge channel 12 has an

increasing curvature from the inflow mouth 49 of discharge

channel 12. The advantages of the invention can also be
realized in this embodiment.
Figure 10 shows another preferred embodiment 1n which the

portion 44 of discharge channel 12, in which a decreasing

diameter is defined in the flow direction, a channel portion

is provided in which the curvature decreases in the direction

of transport (P,). The advantages of the invention can also

be realized in this embodiment.

Figures 11 and 12 show a further preferred embodiment of

the invention. In this embodiment two axial cyclones are

placed successively so that separation takes place 1in two

stages. In a first stage of the two-stage cyclone 50 a first

cyclone 47 of the axial flow type provides for a first

separation of the supplied mixture, while in a second stage a

second cyclone 48 of the reverse flow type brings about a

further separation of the mixture. The mixture flows into the

first cyclone 47 (P,;) and, in similar manner as descrilbed

with reference to the embodiment shown in figure 7, set into

rotation via guide fins 52 arranged on a flow element 51.
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The first cyclone 47 1s of the axial flow type, which

means that the rotating light fraction is discharged via a

discharge channel 54 provided in a flow body 53 provided

downstream of flow element 51. The heavy fraction is

discharged via a flow space between outer casing 55 of the

cvclone and flow body 53. Flow body 53 1is coupled to outer

casing 55 of the cyclone using an upright flange 56. Provided

in flange 56 are circular openings 57 along which the

supplied heavy fraction can be guided (P,) in the direction

of second cyclone 48. As stated above, the light fraction is

discharged (P,;;) via discharge channel 54, of which the inflow

mouth 58 and the outflow mouth 59 are shown. Discharge

channel 54 is therefore formed such that the light fraction

is internally deflected and can leave the cyclone laterally

via outflow opening 59.

The heavy fraction flowing away via openlings 37 enters

the flow space of second cyclone 48 (P;;). Second cyclone 48

is of the reverse flow type, wherein the flow direction of

the light fraction is reversed in similar manner as 1s the

case in the embodiment shown in figure 2. Cyclone 48

comprises an integrated flow body/flow element 61 on which

guide fins 62 are arranged and in which a discharge channel

64 1s provided. These guide fins set the heavy fraction from

first cyclone 47 into rotation, whereby the supplied heavy
fraction is once again separated into a relatively light and

a relatively heavy fraction. As already stated above, second

cyclone 48 is of the reverse flow type, so the heavy fraction

continues on its way to the outer end of the second cyclone

(P,3) while the light fraction is discharged via a discharge

channel 64 provided in flow element 61. Discharge channel 64

is here embodied such that it extends in flow body 61 and

then through one or more of the guide fins 62. The part ©5 of

the discharge channel extending in guide fins 62 is shown in
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the figures. Discharge channel 64 1s provided with an outflow

opening 69 along which the separated light fraction leaves

cyclone 5Z.

Figure 13 shows an embodiment of a separating vessel 1n a

configuration similar to that already discussed with

i

reference to figure 6A. In this embodiment a number of two-

stage cyclones 50 are arranged in a separating vessel 70. The

separating vessel is provided with three walls 71,72 and 73

which are coupled respectively to coupling parts 74,75 and 76

of the double cyclone 50. The separating vessel 1s thus

divided into a first compartment I, a second compartment IT

and a third compartment III, and a fourth compartment IV. The

mixture for separating is supplied (P,,) via a mix feed 75.

Since the mix is supplied under high pressure, 1t enters the

first compartment I and spreads over the cyclones 50 arranged

F

in separating vessel 70. The separated light fraction (for

instance oil) from first cyclone 51 is discharged via outflow

opening 59 and enters the second compartment II. The light

fraction separated via second cyclone 62 enters the third

compartment III via the outflow opening 69 of discharge

channel 64. The remaining heavy fraction (for instance water)

enters the fourth compartment IV and can there be discharged

via an outlet 76. The light fraction in second compartment II

and third compartment III is discharged via respective light

fraction outlets 77 and 78.

Suppose for instance that a mixture of 20% oil in water

is supplied in first compartment I, a part of the oil is then

separated in the first axial flow separating cyclone 51. This

part enters second compartment II. The remaining mixture,

which now comprises only about 1% oil, is then separated 1in

the second cyclone of the reverse flow type. The separated

0il enters third compartment III, while the remaining

mixture, which now comprises only about 0.1% oil, enters
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fourth compartment IV. In practical cases the mixture of

heavy fraction with a very small amount of light fraction

P

flowing out via outlet 76 of the fourth compartment IV is

also guided through a further external hydrocyclone. In the

case of a water/oil separator this means that the finally

resulting water has a purity such that it can be drained
directly into the surface water without having an
environmental impact.

Although the first and second separating cyclone 47,48

have a discharge channel 54,64 with a portion having a

decreasing cross-section, embodiments can however also be

envisaged in which both discharge channels have another Iform,

for instance a constant (such as cylindrical) cross-section.

The embodiment in which one or both discharge channels have a

channel portion with a substantially decreasing cross-—-section

is however recommended.

The invention is set forth above on the basis of the

description of an example in which the incoming mixture 1is a

mixture of two liguids, i.e. oil and water. It will be

apparent to the skilled person than the present invention can

also be applied to a random other mixture of one or more

gr—

liquids, a mixture of one or more gases or a mixture O:

N

gases.

The present invention is not limited to the preferred

embodiments thereof described here. The rights sought are

rather defined by the following claims, within the scope of

which many modifications can be envisaged.
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Claims

1. A separating cyclone for separating a mixture of liquids, gases, or liquids and
gases into a heavy fraction with one or more liquids, gases, or liquids and gases of a
relatively high specific mass and a light fraction with one or more liquids, ,gases, or
liquids and gases of a relatively low specific mass, the cyclone comprising:

a cyclone tube in which a flow space is defined, wherein the cyclone tube
is provided with an inlet for infeed of the mixture, a heavy fraction outlet for discharging
the heavy fraction separated from the mixture and a light fraction outlet for discharging
the light fraction separated from the mixture;

a rotation generating unit for setting the mixture into rotation;

a flow body arranged concentrically in the cyclone tube and comprising a
light fraction discharge channel connected to the light fraction outlet, the light fraction
discharge channel comprising a channel portion having a cross-section which
decreases in the flow direction;

a first pressure control element connected to the heavy fraction outlet for

adjusting the flow rate of the heavy fraction to be discharged,

a second pressure control element connected to the light fraction outlet for

adjusting the flow rate of the light fraction to be discharged; and

control means for controlling the first and second pressure control

elements;

wherein the control means are adapted to cause the interface between the
heavy fraction and light fraction to make contact with the inner side of the light fraction

discharge channel during use.

V81669CA\WVAN LAW\ 9683981
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2. The separating cyclone as claimed in claim 1, wherein the control means
are adapted to cause said interface to make contact with the inner side of said channel
portion during use.

3. The separating cyclone as claimed in claim 1, wherein said channel

portion has a cross-section which decreases linearly in the flow direction.

4. The separating cyclone as claimed in claim 1, wherein said channel

portion has a concave configuration.

S. The separating cyclone as claimed in claim 1, wherein the channel portion
has a convex configuration.

6. The separating cyclone as claimed in claim 1, wherein the channel portion
is located proximate an inflow opening of the light fraction discharge channel.

7. The separating cyclone as claimed in claim 6, wherein the channel portion
connects onto the inflow opening of the light fraction discharge channel.

8. The separating cyclone as claimed in claim 1, wherein the rotation
generating unit comprises one or more guide fins through which the mixture is directed.

9. The separating cyclone as claimed in claim 1, wherein the rotation
generating unit comprises a tangential inlet element.

10. The separating cyclone as claimed in claim 1, wherein the rotation
generating unit comprises a flow element provided concentrically in the flow space and
one or more guide fins arranged between the cyclone tube and the flow element.

11.  The separating cyclone as claimed in claim 10, wherein the flow body and
the flow element are integrated.

12.  The separating cyclone as claimed in claim 10, wherein the flow body Is

V81669CA\WVAN LAW\ 968398\1
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positioned downstream relative to the flow element.

13. The separating cyclone as claimed in claim 1, further comprising a
passage which is connected to the heavy fraction outlet and is defined between the

inner surface of the cyclone tube and the outer surface of the flow body.

14. The separating cyclone as claimed in claim 13, further comprising one or
more rotation reducing units located in the passage for reducing the rotation of the
heavy fraction flowing therealong.

15. The separating cyclone as claimed in claim 1, further comprising one or

more rotation reducing units located in the light fraction discharge channel for reducing

rotation of the light fraction flowing therealong.

16. The separating cyclone as claimed in claim 12, further comprising an
elongate element which is arranged between the flow body and the flow element and
which extends concentrically relative to the light fraction discharge channel for the
purpose of stabilizing the rotating light fraction.

17. The separating cyclone as claimed in claim 16, wherein the elongate
element extends into the light fraction discharge channel.

18. The separating cyclone as claimed in claim 1, wherein the mixture
comprises a mixture of oil and water and the separating cyclone operates to separate
the mixture into a substantially water-containing heavy fraction and a substantially oil-
containing light fraction.

19.  The separating cyclone as claimed in claim 1, further comprising a number
of guide fins located between the flow body and the cyclone tube, and wherein the light

fraction discharge channel extends through the flow body ana through at least one of

V81669CA\VAN LAW\ 968398\1
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the guide fins.

20. The separating cyclone as claimed in claim 1, wherein the separating
cyclone comprises two successively coupled separating cyclones, wherein the
separated heavy fraction from one separating cyclone is carried into the other
separating cyclone for the purpose of further separation into a heavy fraction and a light
fraction.

21. A method for separating a mixture of liquids, gases, or liquids and gases
iInto a heavy fraction with one or more liquids, gases, or liquids and gases of a relatively
high specific mass and a light fraction with one or more liquids, gases, or liquids and
gases of a relatively low specific mass, the method comprising:

gUiding the mixture to be separated via an inlet through a flow space
defined in a cyclone tube;

generating rotation of the mixture flowing through the flow space for the
purpose of separating the mixture into the heavy fraction and light fraction;

guiding the heavy fraction to a heavy fraction outlet;

guiding the light fraction through a discharge channel in a flow body
arranged substantially concentrically in the cyclone tube, the discharge channel being
connected to a light fraction outlet and comprising a channel portion having a cross-
section which decreases in the flow direction; and

controlling the flow rates of the heavy fraction and the light fraction
through their respective outlets such that the interface between the heavy fraction and

the light fraction makes contact with the inner side of the discharge channel.

22. The method as claimed in claim 21, wherein the step of guiding the light

V81669CA\WVAN LAW\ 10636621
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fraction through the discharge channel comprises guiding the light fraction such that
sald interface makes contact with the inner side of said discharge channel.

23. The method as claimed in claim 21, wherein the mixture comprises a
mixture of oil and water and the method comprises separating the mixture into a
substantially water-containing heavy fraction and a substantially oil-containing light
fraction.

24. An Assembly for separating a mixture of liquids, gases, or liquids and
gases into a heavy fraction with one or more liquids, gases, or liquids and gases of a
relatively high specific mass and a light fraction with one or more liquids, gases, or
liquids and gases of a relatively low specific mass, the assembly comprising:

a separating vessel which comprises a number of separating walls for
subdividing the inner space of the separating vessel into an inlet compartment, a heavy
fraction compartment and a light fraction compartment, an inlet element for supply of the
mixture to be separated to the inlet compartment, a light fraction outlet element for the
discharge of light fraction from the light fraction compartment, and a heavy fraction

outlet element for the discharge of heavy fraction from the heavy fraction compartment;

a number of separating cyclones as claimed in any one of claims 1-20,
each of which comprises the inlet through which the mixture is directed, the light fraction
outlet through which the separated light fraction is directed and the heavy fraction outlet
through which the separated heavy fraction is directed;

wherein each of the separating cyclones is arranged with its inlet in the
Inlet compartment, its light fraction outlet in the light fraction compartment and its heavy

fraction outlet in the heavy fraction compartment.

V31669CA\WAN LAWY 1063662\1
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