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The present invention relates to ~eparating two phases of 
· a heterogeneous liquid •. -·· 

In very many industrial applications it is necessary to 
separate two immiscible fluids of different densities, with one 
of the fluids being dispersed in the other in the form of 
globules which may be very small in size. 

The proposed invention relates more partieularly to 
10 purifying reinjection or waste water on offshore oil platforms. 

In this particular case, droplets of oil suspended in a main 
\,_.;· flow of water need to be extracted from said flow. This "de­

oiling" operation must be performed by an apparatus or a set 
of apparatuses capable of combining as far as possible four 

15 essential qualities: 

A first quality is separation efficiency. The rate at 
which the apparatus purifies waste water must be as high as 
possible. This efficiency is conventionally measured by means 
of the apparatus cutoff diameter, i.e. the globule diameter 

2 0 beyond which all oil globules are removed from the flow of 
water. Depending on the values of this cutoff diameter, the 
purification may need to be perfo:rrned in one, two, or even 
three stages using a corresponding number of different types of 

0 25 

separator connected in series. 
A second quality is compactness. Given the very high cost 

0£ each "shipped ton" on a platfo:rrn, platform operators look 
for apparatuses whose weight and volume are as small as 
possible. The canpactness of an apparatus is characterized, 
above all, by the length of time the mixture remains in the 

3 O apparatus: the shorter this length of time, the greater the 
extent to which volume and weight are reduced. 

A third quality is flow rate flexibility. In operation, 
the flow rate of water to be treated may vary by as much as 
-50% to -100% from the nominal flow rate, for example over 

35 a period of a few minutes. It is thus important for the 
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separators to be able to treat such fluctuating flows without 

losing de-oiling efficiency. In addition, users are looking 

for apparatuses having as high a flow rate as possible per unit 

so as to be able to perfonn treatment with a minimum number of 

5 apparatuses. 

10 

The fourth quality is low energy consumption. Energy 

consumption is not a crucial problem on an operating platform, 

but the available pressures are often limited to a few bars. 

However, it may be considered that an apparatus consumes energy 

in the fonn of head loss, thereby causing zones of intense 

hydraulic shear to appear which split up the drops of oil into 

droplets which are so small as to become unseparable. Roughly 

speaking., the lower the head loss required to obtain 

separation, the greater the efficiency of the apparatus. 

15 More or less similar qualities are desirable for other 

operations such as de-watering crude oil and degassing liquids, 

and more generally for any industrial operation which makes use 

either of hydrocyclones or else of centrifuges. 

In conventional hydrocyclones used for de-oiling, an 

20 interise acceleration field is created by rotating fluid which 

enters a fixed wall separation chamber tangentially in order to 

establish a free vortex type of flow. Under the effect of 

centrifugal force, oil concentrates on an axial core and is 

removed via a special outlet. The intensity of this force is 

25 at a maximum at the interface between the core and the 

surrounding liquid. 

In centrifuges which have been developed for de-watering 

crude oil, the fluid is set into rotation by rotating the walls 

of the separation chamber by means of an external power source 

3 o (a motor) • These apparatuses set up a bulk rotary flow in 

which the speed of .rotation and centrifugal force are very low 

in the vicinity of the axis. Under these conditions it is 

impossible to concentrate the light phase su£ficiently to be 

able to extract the heavy phase easily. In contrast, in a free 

35 vortex type of flow, the very high speeds of rotation in the 
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vicinity of the axis ensure that a stable core of light phase 
is fonned. 

Further, French patent No. 80 07 244 published under the 
No. 2 478 489 and its corresponding US patent No. 4 443 331 

5 describe a separator used in the paper pulp industry. In this 
apparatus, the walls of the separation chamber are rotated and 
a free vortex type of flow is set up in its inside volume, with 
the radius of the outlet opening for the majority liquid being 
smaller than the radius of the inlet opening. Inlet 

10 acceleration guides cause the inlet liquid to rotate and move 
radially away from the axis of the separator up to the inlet· 

\..._,,' opening radius. Their downstream portions constitute injection 
blades which cause the inlet liquid to move at constant radius 
and which are inclined to the axis in such a manner as to give 

15 said liquid, when it leaves the blades to enter the separation 
chamber, an absolute circumferential speed in the same 
direction as and greater than the absolute circumferential 
speed of the rotating side wall of said chamber. As a result, 
friction between said liquid and said wall then sets up a 

20 radial gradient in the circumferential speed of the liquid in 
the vicinity of the wall. This gradient provides stirring. 
Said French patent indicates that in other separators "the 
absence of any stirring" leads to the drawback that the 
"fibrous constituents" of the inlet liquid "tend to associate 

25 

30 

very rapidly in a coherent network which ••• prevents any 
displacement within the fluid". 

Other such separators are the centrifuges described in 
French patent No. 2 091 170 and the corresponding US patent No. 
3 862 714 (Boadway). 

In addition, document DE-A-1 186 412 (Westfalia .•• ) 
describes a separator comprising injection channels which are 
driven into rotation in order to apply to the inlet liquid the 
speed of rotation that will create the centrifugal force suit­
able for separating components of said liquid. The lateral 

35 wall of the separation chamber is stationary. Consequently, 
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the injection chahnels of said known separator confer to the 
inlet liquid a circumferential speed which is relatively high 
with regard to the lateral wall. 

The aim of the present invention is to obtain improved 
5 separation efficiency over prior art separators in a simple 

manner. 

10 

15 

Another aim is to simultaneously improve compactness, flow 
rate flexibility, and energy consumption of a separator, in 
particular for the case where a_dispersed light fluid such as 
oil or air is to be separated fran a main liquid such as water. 

The present invention provides a rotary vortex separator 
for a heterogeneous liquid, said separator being provided to 
receive a flow of a heterogeneous inlet liquid constituted.by a 
main liquid and by dispersed globules of an-additional fluid 
having a different density from the main liquid, said separator 
being intended to output on the one hand a major flow of a 
main outlet liquid constituted by said main liquid with at 
least a portion of said additional fluid removed therefrom, 
and on the other hands a minor flow of a secondary outlet 

20 fluid containing an increased proportion of said additional 
fluid, said separator having a longitudinal separator axis and 
comprising 

- an elongate separation chamber having an upstream end, a 

\..._.,, 2 5 
downstream end· and a side wall which is symmetrical about said 
axis, the radius of said chamber at said upstream end con­
stituting an inlet radius, 
- drive means for rotating said wall about said axis, 
- an inlet duct for receiving said inlet liquid close to the 
upstream end of said chamber, 

30 - a coaxial main outlet opening formed at said downstream end 
of said chamber and having an outside radius which is less 
than said inlet radius in such a manner that said main outlet 
liquid leaves via said opening while creating a free vortex 
type oil flow in said chamber with the circumferential speed 

35 of the liquid increasing from the rotary wall up to an axial 
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zone, and in such a manner that an increased centrifugal force 
concentrates the higher density fluid towards the wall and the 
lower density fluid towards said axial zone, and 

- at least one secondary outlet opening for delivering said 
5 . secondary outlet fluid and being located in a zone where the 

centrifugal force concentrates said fluid, 

said separator being characterized in that it further com­
prises liquid injection channels in said separation chamber, 
said channels being fixed to rotate with said rotary wall, 

10 each having a channel axis which is coplanar with said separa­
tor axis, and being distributed around said separator axis, 
each of said channels having an inlet for receiving said inlet 
liquid from said inlet duct, an outlet situated at a distance 
from said axis which is substantially equal to said inlet 

15 radius in order to feed the inlet end of the separation cham­
ber, and a length more than four times greater than its smal­
lest transverse dimensions to ensure that the relative circum­
ferential speed of said inlet liquid relative to said rotary 
wall is substantially cancelled when said liquid enters said 

20 separation chamber, thereby preventing friction between the 
liquid and said wall from causing a radial gradient of circum­
ferential speed to appear which would continue against said 
wall along the length of said chamber, and such that said 

'-'2s 
gradient does not set up turbulence suitable for compensating 
the separating action of the centrifugal force in the vicinity 
of said wall on the relatively small' droplets of said addi­
tional fluid. 

The present invention allows speed gradients to remain, 
particularly in the vicinity of said axial vortex zone. 

30 However, the inevitable turbulence in this zone gives rise to 
reduced drawbacks by virtue of the very high value of the 
centrifugal force thereat. In contrast, close to the wall 
where the centrifugal force is relatively low, it appears to be 
important to limit speed gradients as much as possible, and in 

35 particular the radial gradient of circumferential speed. 



G. 

' i 

- 6 -

According to the present invention, preferably and 
depending upon the particular application, the advantageous 
arrangements as defined in the subordinate claims are further 
adopted. 

5 An implementation of the invention is described below more 
particularly by way of non-limiting example with reference to 
the accompanying diagrammatic figures. It must be understood 
that the items described and shown may, without going beyond 
the scope of the invention, be replaced by other items 

1 O providing the same technical functions. Whenever the same i tern 
is shown in several figures, it is designated therein by the 
same reference symbol. Wherever symbols have been used above 
in parentheses, it is purely by way of non-limiting example. 

Figure 1 is a general axial section view of a separator in 
15 accordance with the invention. 

Figure 2 is a perspective view of the inlet accelerator 
guides and the injection ducts of the same separator with its 
side wall being partially cut away. 

The separator described includes the dispositions mentioned 
20 above as being advantageous in accordance with the invention. 

25 

It comprises the following items: 
-A separation chamber 2 whose side wall 10 is circularly 

cylindrical about an axis 8 of the separator and extends 
between an upstream end 4 and a downstream end 6. 

- Drive means constituted by a motor 12 which drives a belt 
received in a groove 16 formed in an upstream extension 40 of 
the wall 10 in order to rotate the wall 10 about its axis. 

-An inlet duct constituted by a fixed rigid tube 18 
followed by a rotary tube 19 fixed to the wall 10. The fixed 

30 tube has two ball bearings 39 mounted on the outside thereof 
inside the rigid cylindrical extension 40 in order to 
constitute the above-mentioned upstream bearing and to hold the 
rotary wall 10. 

-Ten trapezoidal inlet accelerator.guides 20 regularly 
35 distributed around the axis 8 at the outlet from the tube 19. 
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Only six such gtiides are shown in the figure in order to make 

it easier to understand. Each guide has a sloping inside edge 

22 which meets the axis 8 at its end furthest from the tube 19, 
an upstream radial edge and a downstream radial edge, and an 

5 axial outer edge at a distance fran the axis which is slightly 

less than the diameter of the chamber 2. These guides are 
welded along their upstream radial edges to the rotary tube 19. 

10 

The ten inside edges lie along generator lines of a cone 
which is open towards said tube 19 in order to receive the 
inlet liquid. The liquid is rotated and driven towards the 

periphery up to the upstream extension of the wall 10. 

Twenty or thirty injection channels 30 extend axially over 

the axial gap between the guides 20 and the inlet 4 to the 

chamber 2. These channels are fonned by axial radial walls 50 

15 fixed to the cylindrical· side surface of a part 52 which is in 

tw:n fixed to the downstream radial edges of the guides 20. 

This part extends coaxially to the inside of the cylindrical 

extension of the wall 10. Downstream fran this part there is a 

conical inlet cone 38 which is fixed coaxially and which 

20 penetrates into the chamber 2 to fonn an annular chamber of 
increasing section together with the wall 10 and also to 

stabilize the vortex in said chamber. 

25 

The downstream end of chamber 2 is occupied by a part 36 
which fonns, :in particular, the above-mentioned outlet 
diaphragm whose central open:i.ng constitutes the main outlet 
opening for de-oiled water. Downstream from this opening, the 

inside surface of said part is initially conical in order to 

constitute a diverging passage 42, and then it becomes 
cylindrical in.its downstream portion 46 in order to constitute 

30 a rotating outlet chamber 44 opening out into a fixed outlet 
chamber. The fixed outlet chamber communicates with a main 
outlet pipe 45 via which the de-oiled water is removed from. the 
separator. This downstream portion 46 simultaneously 
constitutes a rigid downstream ext~ion of the wall 10 and has 

35 two ball bearings 48 on the outside thereof to constitute the 
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above-mentioned downstream bearing, with the bearing being 
mounted in a fixed hollow downstream body 47. This body forms 

said fixed outlet chamber from which the main outlet pipe 45 

leads away. 

5 The secondary outlet opening for oil is constituted by a 
fixed tube 28 which passes axially through the downstream body 

47 and the outlet diaphragm 36. 

In a particular case, a water flow rate of one liter/ 

second (l/s) containing a proportion of oil lying in the range 

10 0.1% to 1% had to be treated, with said oil having a density 

of about 0.85. The separation chamber was 500 mm long with an 

inside diameter of 60 mm. It rotated at 1800 revolutions per 

minute. The injection channels were 50 mm long and had a 

transverse radial dimension of 5 mm, with their circumferen-

15 tial transverse dimension being about 9 mm. 

20 

The main outlet opening formed in the diaphragm had a 

diameter of 20 mm, and the secondary outlet tube had an inside 

diameter of 8 mm. 

The inlet duct had a diameter of 30 mm. 
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CLAIMS 

1. A rotary vortex separator for a heterogeneous liquid, said 

separator being provided to receive a flow of a heterogeneous 

5 liquid constituted by a main liquid and by dispersed globules 

of an additional fluid having a different density from the 

main liquid, said separator being intended to output on the 

one hand a major flow of a main outlet liquid constituted by 

said main liquid with at least a portion of said additional _ 

10 

15 

fluid removed therefrom, and on the other hands a minor flow 

of a secondary outlet fluid containing an increased proportion 

of said additional fluid, said separator having a longitudinal 

separator axis (8) and comprising 

- an elongate separation chamber (2) having an upstream end 

(4), a downstream end (6) and a side wall (10) which is sym­

metrical about said axis, the radius of said chamber at said 

upstream end constituting an inlet radius, 

- drive means (12, 14, 16) for rotating said wall about said 

'3.XiS, 

20 - an inlet duct (18, 19) for receiving said inlet liquid close 

to the upstream end of said chamber, 

25 

- a coaxial main outlet opening (26) formed at said downstream 

end (6) of said chamber and having an outside radius which is 

less than said inlet radius in such a manner that said main 

outlet liquid leaves via said opening while creating a free 

vortex type oil flow in said chamber with the circumferential 

speed of the liquid increasing from the rotary wall (10) up to 

an axial zone, and in such a manner that an increased centri­

fugal force concentrates the higher density fluid towards the 

30 wall and the lower density fluid towards said axial zone, and 

- at least one secondary outlet opening (28) for delivering 

said secondary outlet fluid and being located in a zone where 

the centrifugal force concentrates said fluid, 

said separator being characterized in that it further com-

35 prises liquid injection channels (30) in said separation cham-

.111111111111111111111111111111 
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ber (2), said channels being fixed to rotate with said rotary 

wall (10), each having a channel axis which is coplanar with 

said separator axis (8), and being distributed around said 

separator axis, each of said channels having an inlet (32) for 

5 receiving said inlet liquid from said inlet duct (18, 19), on 

outlet (34) situated at a distance from said axis which is 

substantially equal to said inlet radius in order to feed the 

inlet end (4) of the separation chamber, and a length more 

than four times greater than its smallest transverse dimen-

10 sions to ensure that the relative circumferential speed of 

said inlet liquid relative to said rotary wall is substantial­

ly cancelled when said liquid enters said separation chamber, 

thereby preventing friction between the liquid and said wall 

from causing a radial gradient of circumferential speed to 

15 

20 

v 25 

appear which would continue against said wall along the length 

of said chamber, and such that said gradient does not set up 

turbulence suitable for compensating the separating action of 

the centrifugal force in the vicinity of said wall on the 

relatively small droplets of said additional fluid. 

2. A separator according to claim 1, characterized in that it 

further comprises inlet accelerator guides (20} distributed 

around said axis and rotating with said wall, each of said 

guides having an inside _edge (22) at a distance from said axis 

which is less than said inlet radius for receiving said liquid 

leaving said inlet duct, each of said guides extending to an 

outer edge (24) further from said axis for moving said liquid 

out to a distance from said axis which is substantially equal 

to said inlet radius while simultaneously impressing an in-

30 creased circumferential speed thereto prior to its introduc­

tion into said injection channels (30). 

3. A separator according to claim 1 or 2, characterized in 

that said injection channels (30) are cylindrical or pris-

35 matic. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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4. A separator according to claim. 3, characterized in that 

said injection channels (30) are parallel to said axis (8). 

5 5. A separator according to claim 1, characterized in that 

said rotary side wall (10) is cylindrical, said main outlet 

opening (26) being formed in an outlet diaphragm (36) occupy­

ing the downstream end (6) of the separation chamber (2), said 

opening having an outside radius lying in the range 20% to 60% 

10 

15 

of the radius of said wall. 

6. A separator according to claim 5, characterized in that 

said injection channels (30) have~ their outlets (34} around a 

circular injection ring whose outer circle is in contact with 

said rotary wall (10), 

- said separation chamber (2) further including an inlet nose 

{38) which is coaxial with said chamber, which has a base 

coinciding with the inside circle of said ring, and which 

penetrates into said chamber from said base and has circular 

20 sections of progressively reduced radius, with the length of 

said nose being less than one-third of the length of the cham­

ber, in such a. manner as firstly to offer said inlet liquid an 

v 
25 

annular flow path of progressively increasing area from said 

injection ring in order to rapidly reduce its axial speed 

without turbulence, and secondly to center and stabilize said 

free vortex. 

7. A separator according to claim 6, characterized in that the 

inlet nose (38) is conical and has a half angle at the apex 

30 lying in the range 10° to 40°. 

8. A separator according to claim 1, for receiving said inlet 

liquid in which said dispersed added fluid is less dense than 

said main liquid so that said additional fluid forms an axial 

35 core in said separation chamber, 

\ \11111\ l\ll\l 11111 t\111 ll till 
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- said separator being characterized in that said secondary 

outlet opening is constituted by a secondary outlet tube (28) 

at the downstream end (6) of said separation chamber (2), said 

tube penetrating coaxially into said separation chamber (2) 

5 th~ough said main outlet opening (26), which constitut~s an 

annular opening around said tube, and 

10 

15 

- said inlet duct (18, 19) comprising a stationary inlet tube 

{18) coaxial with said chamber, in such a manner that the 

inside edge {22} of said inlet accelerator guides (20} is 

close to said axis (8) and that the rotation of said inlet 

liquid by s~id guides does not cause unwanted shear to appear 

in said liquid suitable for breaking said droplets of addi­

tional fluid and for making said droplets impossible to separ­

ate. 

9. A separator according to claim 8, characterized in that 

said inlet duct (18, 19) further includes, between the outlet 

from said stationary inlet tube {18) and said inlet ac­

celerator guides (22), a rotary inlet tube (19) fixed to said 

20 guides, in such a manner as to begin rotating the inlet liquid 

before it encounters the inside edges (22) of said guides, and 

~hereby to reduce said unwanted shear. 

\......; 
25 

10. A separator according to claim 8, characterized in that 

said stationary coaxial inlet tube (18) is a rigid support 

tube and carries an upstream bearing (39) on its outside, 

- said rotary cylindrical side wall {10) being provided with 

an upstream extension (40) which is coaxial and rigid and 

extends up to said bearing in order to be supported thereby, a 

30 sealing gasket {60) being disposed between said rotary up-

stream extension and said stationary support tube between the 

outlet end of said tube and said bearing in such a manner as 

to prevent the liquid from reaching the bearing. 

35 11. A separator according to claim 10, characterized in that 

11111UJ 11m~ '"~ ~'~ ~ 1111 
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said main outlet opening (26) extends downstream in the form 

of a diverging member (42) up to a main outlet chamber (44) of 

increased annular flow section around said secondary outlet 

tube (28) in such a manner as to reduce the energy consumption 

5 of the separator, 

10 

- the side wall (46) of said outlet chamber being constituted 

by a rigid coaxial downstream extension of said rotary side 

wall of the separation chamber, said extension carrying a 

downstream bearing (48) on its outside bearing against a sta-

tionary external support (47) and co-operating with said up-

stream bearing (39) in order to hold said separation chamber 

(2) , and 

- a sealing gasket {62) being disposed betweeen said station­

ary support (47) and said rotary downstream extension (46) 

15 between the outlet from said extension and said bearing in 

such a manner as to prevent the liquid from reaching said 

bearing. 
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