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(57) Abstract

Multiphase fluid is subjected to pumping or compres-
sion or to centrifugal separation after undergoing at least
partial separation in a cyclonic separator device (20: 60). The
cyclonic separator device can be incorporated in a rotary
pump/compressor unit having separate flow paths for fluids
of different specific gravities or can constitute an inlet stage
tor a centrifugal separator.
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MULTIPHASE FLUID TREATMENT
===o =t aiolb LTOULD IREAIMENT
DESCRIPTION

The invention relates to treatment of a multiphase
fluid, for example, in a transport or separator system.

The handling of a multiphase fluid, that 1s, a mixture
of at least two fluids of different phases, presents problems
arising for example from the different physical
characteristics of liquids and gases, 1n particular, the
virtual lncompressibility of the former and the ready
compressibility of the latter, and also from variations in

fluid. For example, in oil production, a well may produce a
mixture of crude o0il, crude gas, water and sand or like
particulate material. It is desirable in many instances to
Place such a mixture under increased pressure, but this is
difficult because pumps with impellers designed to pump
liquid are unsuitable where the liquid contains a high gas
content. Similarly, ordinary gas compressors are unsuitable

ftor use where liquid is present in the gas in any substantial
amount.

In accordance with the invention, there is provided
apparatus for treatment of a multi-phase fluid, comprising an

separation, pumping, and compression in the treatment stage.
The invention is accordingly concerned in one aspect
with the provision of a pump/compressor unit arranged for
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multiphase fluid and directing the fluid cyclonically to
effect separation of the phases, with a stream of fluid with
the highest specific gravity as a layer at the outer surface
of the cyclone and a stream of fluid with the lowest specific
gravity in the centre of the cyclone. The incoming fluids
with the highest specific gravity are then directed into a
helical path at the outer periphery of the apparatus along

fluid, and thus the pressure. The incoming fluids with the

lowest specific gravity are similarly acted upon by a
rotating impeller means, preferably providing for compression

specific gravity fluids are directed along the impeller
assembly axis and then transported radially by blades or
vanes. The cross-sectional area of the flow path preferably
reduces progressively in the flow direction, so as to enhance
compression of the fluid. The compressed fluid of the first

stream can then be discharged from around the impeller
assembly periphery.

within which the assembly rotates. The second path again
effects axial re-direction of the stream, into an annular
trough or channel from which the liquid is accelerated by
impeller means to an outlet by way of a fluid pick-up or
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scoop device.

Such a pump/compressor device would be self-regulating,
and also self-priming because gas would not have to be

drained out before pumping could commence. The device would
itself act as a fluid lock, because it would never empty
completely, so preventing gas from blowing back from the gas
outlet in the absence of incoming liquid. Also, gas lock is
prevented, so non-functioning cannot result from intolerance
of an essentially gaseous input.

Alternatively, the invention can be embodied in a

directed into a rotating separator. The or each fluid flow
with the highest specific gravity is directed into an
impeller stage with Passages defined by guide vanes with or
without an inner wall. The liquid layers then proceed
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The invention is further described below, by way of

example, with reference to the accompanying drawings, in
which:

Figure 1 is a schematic Cross-sectional side view of a
pump/compressor unit embodying the invention:

Flgure 2 is a perspective view of a cyclonic inlet stage
of the unit of Figqure 1;

Figures 3 & 4 are perspective, part sectional, views,
from different viewpoints, respectively of a cyclonic inlet
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multiphase fluid is thus cyclonically separated into
concentric layers of increasing density in the radially
outward direction.

Continuing in the axial flow direction, the interior of
the casing 10 next has a radially enlarged portion 30
constituting a pump/compressor stage. Carried on the free
end of the shaft 12 is a first Part of an impeller assembly
comprising concentric inner and outer sleeves 31 and 32
providing between them an annular passage continuing the
annular space between the sleeve 24 and the inner wall 26.
Axially adjacent the inner sleeve 31 is a member 34 which
flares radially outwardly in the flow direction, so as to re-
direct the primarily gaseous fluid stream adjacent the inner
sleeve 31 along a radially outward direction. The impeller
assembly part on the shaft 12 also comprises an annular disc
35, extending generally radially outwardly from a position
near to, but spaced from, the downstream end of the outer
sleeve 32, so as to form therewith an annular passage 36
through which can flow the outer layer of the fluid,
comprising the denser, liquid, phase. The inner edge of the
disc 35 thus separates the inner and ocuter layers, typically
of gaseous and liquid components respectively, formed in the
multiphase fluid by the centrifugal force generated upstream.

The free end of the shaft 14 carries a second part of
the impeller assembly comprising an annular disc 40 extending
generally radially ocutwardly to oppose the disc 35. Each
disc carries impeller vanes or blades 41 extending towards
the other disc. The shafts 12 and 14 are driven by the
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a volute provided in the casing 10 around the outer edges of
the discs. A discharge fitting 46 communicates with the
chamber 45 to conduct the compressed gaseous flow outwardly
of the unit.

The more dense, Primarily liquid, stream flowing
radially outwardly through the passage 36 between the sleeve

32 and the disc 35, at the side of the disc remote from the
disc 40, is received in an annular channel formed by a member

The pump/compressor unit described and illustrated thus
provides for the separation, and separate treatment, of the
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typically one or more liquid layers, confined by a housing
wall 61, and an inner stream of material of lower specific
gravity, typically of a gaseous nature.

From the stationary inlet stage of the apparatus, the

rotated in use by a motor (not shown) about its axis 66. The
drum wall at its inlet end has a short portion 69, with a
diameter matched to that of the guide member 60, followed
downstream by a frusto-conical portion 70 leading to a

impeller vanes 75 extending inwardly preferably but not
necessarily, to a concentric inner sleeve 76 of a diameter

fluids in the frusto-conical portion 70. The fluid layers

then flow from the passages defined by the drum portion 70,
the vanes 75 and the sleeve 76, to flow along the drum
portion 72 where further separation occurs by conventional
centrifugal separator action. Any liquid in the central
gaseous flow joins the outer liquid. layer (or layers where
there are two liquids of different specific gravities). The
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ligquid or liquids can be removed from the drum by
conventional means or the centrifuge can be designed to be
self-requlating as described in Application GB 91 26 415.0,

The gas can be discharged from the drum through appropriately
located apertures (not shown) .
The invention can of course be carried into effect in a

variety of ways other than as specifically described and
illustrated.
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CLAINMS

1. An apparatus for the treatment of a multiphase £fluid,
;the apparatus comprising a rotatable shaft; a fluid flow
path coaxial with the shaft; a guide member supported on and
rotated by the shaft and a compressor comprising annular
plural helical channels for i1mparting centrifugal forces to
‘the.fluid to concentrate fluid phases of greater specific
igravity into an outer annular flow path around an inner flow
'path for fluid phases of lesser specific gravity, the cross-
‘sectional arxrea of which flow paths reduce progressively in
‘the flow direction to enhance compression of the fluid;
impeller means supported on and driven by the shaft; and
means® for diverting the flow of the fluid phases of greater
'specific gravity in the outer flow path into an anpular
‘channel member having the impeller means therewithin and
‘there peing a stationary scoop extending outwardly into the
:liquid in the channel member and providing a passage for
.radially inward flow of liquid from the channel member into
‘the scoop.

' ¢. An apparatus according to Claim 1 further comprising
means to re-inject the liquid stream downstream of the
?compressor and impeller means.

3. An apparatus as claimed in Claim 1 or 2, wherein the
impeller wmeans comprises generally radially outwardly
extending first and second discs receiving fluid flowing on
fthe inner flow path therebetween and, guide vanes carried by
‘the disces for guiding the fluid radially outwardly.

4 . An apparatus as claimed in Claim 3, wherein the disc
. downstream of the other disc 1in relation to said fluid flow

1s rotatably driven in the direction contrary to that of the
' |

other disc.

5. An apparatus as claimed in Claim 3 or 4, wherein the
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first and second discs converge in the radially outward

direction to compress the fluid flowing between said discs.

6 . An apparatus as claimed in any one of Claims 3 to 5

‘having a discharge chamber in the form of a volute for fluid
'on the inner flow path issuing from between the discs.

7 . An apparatus as claimed 1in any one of the preceding
claims wherein the fluid phases 0of greater specific gravity

are ligquid.

o BP——. - Ay —



PCT/GB92/02403

WO 93/13318
CAZ2T17543

1/ 3

TN LD

- __d
-

=\

) l’ °
_ [ ] "‘ \‘ .
. -
_— . _

1
1

4 =%
m S SSSK ”’.i”.

: \\w\

v Y

O
T

)

K

B

NN i v

Ny




WO 93/13318

CA2117545

N
&)

OOV NSNS NN

24

SUBSTITUTE SHEET

PCT/GB92/02403

N
o)

MO NN NN NN

NN N



PCT/GB92/02403

WO 93/13318

CA2T17543

v Ol

'Y L
g Wl A A
W et b G A G S - D D G - W R et v - e PR ¢ G + eGP i
A
o

=
SUBSTITUTE SHEET

R wy——" -

W Al - - S R - SR + i S-S - S - S S

$

cL



=
\\6%\\?%{5/?// ‘.

'
a”/.” -
[/ ; . ’
. Wt
R <
|

\\ ‘M\.\S\. \\\\m\\\\\ . . \\\,\\”\\\ ..
'\ X m m Z s e AN S —— e,

{

l ST L LD N

ald o
T




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - abstract drawing

