Office de la Proprieté Canadian CA 2497155 C 2011/11/15

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 497 1 55
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2003/09/02 51) Cl.Int./Int.Cl. BO1D 45/76 (2006.01),

. . . BO1D 5/00(2006.01), BO4C 3/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2004/03/11 B04C 3/02(2006.01). BO4C 3/06 (2006.01)
(45) Date de délivrance/lssue Date: 2011/11/15

(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2005/02/238 BETTING, MARCO, NL;

(86) N° demande PCT/PCT Application No.: EP 2003/009810 TJEENK WILLINK, CORNELIS ANTONIE, NL
(87) N° publication PCT/PCT Publication No.: 2004/020074 (73) Proprietaire/Owner:

e SHELL INTERNATIONALE RESEARCH
(30) Priorité/Priority: 2002/09/02 (EP020/78596.0) MAATSCHAPPIJBYV NL

(74) Agent. NORTON ROSE OR S.E.N.C.R.L.,, S.R.L./LLP

(54) Titre : SEPARATEUR CYCLONIQUE DE FLUIDE
54) Title: CYCLONIC FLUID SEPARATOR

2 777 777 LT T L T LA e,
L7777 LAt bicizs . Sy 1| AR
<< ) -4 () 1 10
- = —7
1 e ] T
1 J 48 - -7 : . '
’ ‘ A S N NS OSSN 13

e L
P T T T e

‘ S A .
-“!_]I 8 68 14 12 +m

(57) Abréegée/Abstract:

A cyclonic fluid separator for separating condensable, liquid and/or solid components from a fluid mixture comprises an upstream
fluid inlet section In which the fluid mixture Iis accelerated to a supersonic velocity to expand and cool the fluid mixture such that one
or more condensable fluid components are liquefied and/or solidified, a downstream separation section in which condensables
depleted and condensables enriched fluid fractions are separated and fed into separate outlets, and a midstream vortex generation
section which comprises a plurality of tilted wings of which the wing tips (5A,5B)are located at relatively large mutual spacings (D)
and at a small spacing (5<0.2W) from the inner wall of the midstream vortex generation section such that during normal operatior
of the separator adjacent to the various wing tips widely spaced vortices 6A,6B of swirling fluid are generated in the fluid stream
flowing through the housing, which vortices 6A,6B are still separated from each other at the entrance of the downstream
separation section.
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(57) Abstract: A cyclonic fluid separator for separating condensable, liquid and/or solid components from a fluid mixture comprises
an upstream fluid inlet section in which the fluid mixture is accelerated to a supersonic velocity to expand and cool the fluid mix-
ture such that one or more condensable fluid components are liquefied and/or solidified, a downstream separation section in which
condensables depleted and condensables enriched fluid fractions are separated and fed into separate outlets, and a midstream vortex
generation section which comprises a plurality of tilted wings of which the wing tips (5A,5B)are located at relatively large mutual
spacings (D) and at a small spacing (S<0.2W) from the inner wall of the midstream vortex generation section such that during normal
operation of the separator adjacent to the various wing tips widely spaced vortices 6A,6B of swirling fluid are generated in the fluid
stream flowing through the housing, which vortices 6 A,6B are still separated from each other at the entrance of the downstream
separation section.
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CYCLONIC FLUID SEPARATOR.

p o

BACKGROUND OF THE INVENTION

i

The present invention relates to a cyclonic fluid

separator for separating one or more condensable, liguid

and/or solid components from a multi component fluid

mixture.

V)

L YOI

such a cyclonic fluid separator i1s known

European patent application 0496128 and from

International patent application W099/01194.

The cyclonic fluid separators known from these prior

art references comprise an upstream inlet section in

which the fluid is accelerated to a supersonic velocity

and cooled, a midstream vortex generation section in

which one or more tilted wings generate a vortex in the

accelerated cold fluid stream and a downstream separation

section i1in which condensables enriched and condensables

depleted fluid fractions are separated and fed into

separate fluid outlet conduits. The acceleration of the

fluid stream in the inlet section to a supersonic

velocity causes the fluid to expand and rapidly cool to a

temperature well below 0 degrees Celsius such that one or

-t

more condensable components, for example agueous and

CgT-hydrocarbon components, condense and/or solidify. The

vortex generated by the tilted wing or wings 1in the

cooled fluid stream causes the mixture of cold gaseous

— =
———

fluid components and a mist of condensed liquefied and/or

solidified components to swirl around in the tubular

midstream section of the tubular separator housing,

whereby centrifugal forces create near a downstream end
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mixture near the outer circumference of the interior o:

PCT/EP2003/009810

of the midstream section a condensables enriched fluid

p—
.

the tubular midstream section and a condensables depleted

midstream section. The swirling fluid mixture

fluid mixture near a central axis of the tubular

subsequently flows from the midstream section into a

separation section in which a tubular vortex

finder is

centrally arranged such that the condensables depleted

fluild mixture flows into the interior of the tubular

vortex finder and the condensables enriched fluid mixture

flows 1nto an annular space between the outer sur:

]
=

'

dC& OL

the tubular vortex finder and the inner surface of the

separation section of the separator.

Soviet patent specification SU 1768242 discloses a

tubular cyclonic separator in which a fluid is fed into

an annular nozzle in which a vortex is generated by a

series of wvanes, which extend between a central body

within the nozzle and the tubular housing of

the

separator. Saild central body has a larger cross-sectional

circumference downstream of the wvanes, such that a throat

1s created where the fluid is accelerated to a supersonic

velocity and fhereby expanded and cooled such

condensable components condense and/or solidi

that

'y and a

condensables enriched fluid stream is separated from the

swirling fluid mixture via one or more outlet

the tubular separator housing

openings in

The known cyclonic fluid separators are able to

separate a significant portion of condensable

sy

further increase the separation efficiency of

fluid separators.

components

from a fluid mixture and the present invention alms to

cyclonic
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SUMMARY OF THE INVENTION

The cyclonic fluid separator according to the

invention comprises an upstream fluid inlet section in

which the fluid mixture is accelerated to near sonic or

supersonic velocity to expand and cool the fluid mixture

[ -

such that one or more condensable fluid components are

liquefied and/or solidified, a downstream separation

section in which condensables depleted and condensables

enriched fluid fractions are separated and fed into

separate outlets, and a tubular midstream vortex

F

generation section comprising a plurality of tilted wings

(see also fig 2) having wing tips that are located at a

spacing S less than 0.2W from the inner surface of the

tubular midstream vortex generation section , which has

an internal width W in the region of the wing tips. The

fluid fed to the cyclonic fluid separator might also

contain ligquid or solid particles to be separated in the

downstream separation section.

It has been found that adjacent to the tip df each

wing a vortex is generated and that adjacent to the

various wing tips that are widely spaced from each other

vortices are generated, that are also widely spaced from

each other. Said vortices also swirl in helical paths

around each other. Thus the centers of rotation of the

various vortices form helical lines, which gradually

commingle and converge towards a single vortex, which has

_

a center of rotation at or near the central axis of the

tubular housing.

_

It has been found that the presence of various widely

spaced vortices generated at the widely spaced wing tips

of the cyclonic fluid separation cyclone according to the

invention significantly enhances its separation

efficiency.
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and

The entrance of the tubular vortex finder may have an

oval or corrugated shape, which is adapted to the

contours of the vortices at the location of said

entrance.

The wings may be delta shaped and protrude'from an

— P
—
—

ace of the midstream tubular vortex generation

inner sur:

sectlion. This vortex generation section may be located

g
e

downstream of a throat section in whiéh the fluid is

accelerated to a supersonic velocity and thereby ekpanded

P
—
—

and cooled and upstream o:

a corrugated tubular vortex

o
—

finder which separates the cooled gaseous phase from a

cooled condensables enriched phase. It 1s preferred that

the delta shaped wings span a majority of the width of

the tubular midstream vortex generation section, such

F
—

that the cross-axial distance between the root and tip o:

each wing i1s more than 0.8W and that the distance between

P

the tip of each wing and the opposite side of the inner

I 1)

ace of the tubular midstream section 1s less than

SUX]

0.2W, more particularly less than 0.15W.

It will be understood that if the tubular midstreamé

vortex generation section has a cylindrical inner surface

the width W is equal to twice the internal diameter of

—

sald tubular section and that if said section i1s oval or

corrugated that the width W equals the average internal

F
s
Aty

sald section.

diameter o:

Alternatively, the wings are mounted on a central

wlng carrier body which extends from a tubular separation

section througﬁ a throat section into a nozzle in the

-

tubular i1nlet section of the separator and comprises in

F

the region of the throat of the nozzle a profiled section

-
et

having a larger cross-—axial surface than the section of

the carrier body on which the wings are mounted. Thus the

wing.carrier body forms a central mandrel within the
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nozzle and reduces or eliminates the requirement of a

throat portion where the tubular inlet section of the

separator has a reduced internal diameter at the location

of the nozzle. The width of the nozzle can be adjusted by

moving the carrier body in longitudinal direction though

the separator housing or by replacing the carrier body by

another carrier body, which has a different profile in

p—

the region of the nozzle.

In this specification and in the appended claims the

terms condensable components and/or condensables are

intended to encompass components which condense and/or

solidify at the prevailing local temperatures in the

interior of the separator. Some condensable components,

such as water wvapour, may either first condensate to a

ro—

mist of liquid droplets and then solidify into solid,

e.g. lce, crystals, whereas other condensable components

may instantly solidify from a gaseous into a solid phase.

DESCRIPTION OF A PREFERRED

. -

MBODIMENT

{ ]

The invention will be described in more detail and by

-

way of example with reference to the accompanying

drawings, 1in which:

Fig.l is a schematic longitudinal sectional view of a

cyclonic fluid separator according to the present

invention;

Fig.2 1s a cross-sectional view of the cyclonic fluid

separator of Fig.l taken along line II-II and seen in the

direction of the arrows;

F1g.3 1s a cross—sectional view of the downstream end

'

of the cyclonic fluld separator of Fig.l taken along

line III-ITITI and seen in the direction of the arrows;

Fig.4 1s a schematic partially cross-sectional view

P
e

of an alternative embodiment of the cyclonic fluid

separator according to the invention wherein four delta-
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shaped swirl imparting wings are mounted on a central

wing carrier body; and

Fig.5 1s a cross sectional view

-

of the cyclonic

fluid

separator of Fig.4 taken along line V-V and seen in the

—

direction of the arrows.

Referring to Fig.l there is shown a cyclonic

separator in which a multicomponent

fluid mixture p

fluid

aASSES

from an upstream inlet section 1 into a throat section 2

in which the fluid mixture is accelerated to a supe

velocity and thereby expanded and adiabatically coo

such that one or more condensable components of the

mixture condense and/or solidify to

liquid droplets

and/or solid particles. The cooled mixture then flo

rsonic
led
fluid

wsS at

a supersonic velocity into a tubular midstream vortex

generation section 3 in which a pair of delta shape

wings 4A and 4B are arranged at a sharp angle relat

a central axis I of the separator, which wings 4A and 4B

d

1ve to

generate vortices 6A and 6B in the fluid mixturés, which

vortices 6A and 6B leave the wings

forces the fluid near the centers o

4A and 4B at or

the wing tips 5A and 5B. As a result of centrifugal

—

vortices 6A and 6B consists of a substantially dry

density gaseous phase which is fed into a primary central

fluid outlet 7. The liquid droplets

and-or solid

particles which have a higher density than the low

density gaseous phase are centrifug

periphery of the vortices 6A and 6B

annular liquid film or slurry 8 at

ed to the outer

the 1inner surface o3

the tubular separation section 3 downstream of the

wings 4A and 4B, which i1s fed into

near

f rotation of the

Llow

and may form an

B

an annular secondary

outlet 9 which is separated from the central primary

fluid outlet 7 by a tubular vortex

finder 10. The &

nnular
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secondary outlet 9 discharges the condensables enriched

fluid mixture into a secondary fluid outlet conduit 12.

As shown in Fig.l and 2 the tubular vortex generation

section 3 has in the region of the wing tips 5A and 5B an

inner width W.

In accordance with the

invention the wing tips 5A and

5B are each located at a relatively small spacing S, less

— e
—m,

than 0.2W, from the inner surface of the tubular vortex

generatlion section 3 and at a relatively large mutual

distance D, which is between 0.6 W and 0.99W, and

preferably between 0.8W and 0.98W. The relatively large

distance D between the wing tips causes that the centers

P

a large distance from each

of rotation of the vortices 6A and 6B are also located at

other. The centers of rotation

of the vortices 6A and 6B have a substantially helically

shape around the central axis I and will gradually

converge towards the centre

]l axis I. It has been found

beneficial to the separation efficiency of the cyclonic

gr—

separator if the tubular vortex finder 10 in the

downstream separation section 14 has an entrance 11 which

1s located such that the vortices 6A and 6B have not vyet

commingled into a single vortex and 1f said entrance 11

has a corrugated shape as illustrated i1n Fig 3. The

vortex finder 10 is connected to the downstream end of

the separator housing by a

bearing assembly 13, which

allows the vortex finder 10 to be rotated about the

central axis I relative to

the separétor housing. Thus

the vortex finder 10 may be rotated such that the centers

i

of rotation of the swirls 6A and 6B are located near the

centers of the outer lobes

11A and 11B of the corrugated

entrance 11 vortex finder 10. The rotation of the vortex

finder 10 may be controlled 1in response to a measurement

of the liquid and/or solids content of the fluild
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discharged via the primary and secondary outlets 7 and 9

and such that the liguid and/or solids content in the

primary outlet 7 is minimized whereas the liquid and/or

solids content in the secondary outlet i1s maximized.
Fig. 5 shows an alternative embodiment of the

cyclonic separator according to the invention wherein an

_
—

assembly of four delta-shaped wings 50 1s mounted on a

central wing carrier rod 51. The rod 51 is rotatably

arranged within a tubular separation section 52 of the

separator and may extend through the throat section 53

and 1nlet 54.

As illustrated in Fig.5 and 6 the wing tips 55 are

located a small spacing S from the inner surface of the

tubular separation section 52 such that the wing tips

widely spaced vortices 56 are generated. These -vortilices

swirl helically around and will gradually converge

towards a central axis V of the separator. A corrugated

vortex finder (not shown) having four lobes may be

F

arranged at the downstream separation section 58 of the

separator such that each vortex enters one of the lobes.

The vortex finder may be fixedly secured within the

downstream separation section 58 of the separator and the

central wing carrier rod 51 may be rotated relative to

the separator housing to focus the vortices 56 accurately

into the lobes of the corrugated vortex finder.
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CLAIMS

1. A cyclonic fluid separator for separating

condensable, ligquid and/or solid components from a fluid
mixture, the separator comprising an upstream fluid
inlet section in which the fluid mixture is accelerated
to a near sonic or supersonic velocity to expand and
cool the fluid mixture such that one or more condensable
fluid components are liquefied and/or solidified, a
downstream separation section in which condensable
depleted and condensable enriched fluid fractions are
separated and fed into separate outlets, and a tubular
midstream vortex generation section comprising a

plurality of tilted wings having wing tips that are
located at a spacing S less than 0.2W from the inner
surface of the tubular midstream vortex generation

section, which has an internal width W in the region of

the wing tips.

2. The cyclonic fluid separator of claim 1, wherein
the separator 1s designed to be fed with a fluid stream
containing liquid and/or solid particles and to

accelerate and cool the fluid stream to near sonic oOr

supersonic velocities in the tubular midstream section

and to remove the cooled particles from the fluid stream

in a downstream separation section.

3. The cyclonic fluid separator of claim 1, wherein
the wing tips are located in a rotational symmetrical
configuration relative to a central axis of the tubular

midstream vortex generation section.
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4, The c¢yclonic fluid separator of claim 2, wherein a
palr of tilted delta-shaped wings protrude from the
inner surface of the tubular midstream vortex generation
section in a rotational symmetrical configuration
relative to the central axis of the tubular midstream
vortex generation section and such that the wing tips
are located at substantially diametrically opposite

locations relative to said central axis.

5. The cyclonic fluid separator of claim 3, wherein
the distance (D) between the wing tips is between 0.6W

and 0.99W.

6. The cyclonic fluid separator of claim 5, wherein

the distance (D) between the wing tip is between 0.8W

and 0.98W

7. The cyclonic fluid separator of claim 2, wherein
three tilted delta shaped wings protrude from the inner
surface of the tubular midstream vortex generation
section in a rotational symmetrical configuration
relative to the central axis of the tubular midstream

vortex generation section and such that the wing tips

are located at angular intervals of substantially 120

degrees relative to said central axis.

8. The cyclonic fluid separator of claim 1, wherein at
least two delta-shaped wings are mounted at regular
angular intervals on an elongate wing carrier body which

is substantially co-axial to the central axis of the

tubular midstream vortex generation section.
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9. The cyclonic fluid separator of claim 2, wherein a
corrugated tubular vortex finder is arranged within the
separation section of the separator and a condensable
depleted fluid outlet is connected to the interior of
the vortex finder and a condensable enriched fluid

outlet is connected to an annular space between the

outer surface of the tubular vortex finder and the 1inner

wall of the separation section of the separator.

10. The cyclonic fluid separator of claim 9, wherein
the orientation of the corrugated tubular vortex finder
is adaptable relative to the central axils of the tubular

midstream section of the separator.

11. The cyclonic fluid separator of claim 8, wherein

the wing carrier body extends through a throat sectilon
in the tubular inlet section of the separator and
comprises in the region of a throat portion of the
nozzle a profiled section having a larger cross-axial
surface than the section of the carrier body on which

the wings are mounted.

12. The cyclonic fluid separator of claim 8, wherein
the wing carrier body is rotatably mounted within the

tubular midstream section of the separator.
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