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(57) Abstract: The mvention provides a fluid flow control valve (1) comprising a cylindrical inlet chamber (2) having a fluid nlet
aperture (3) and a coaxial waisted cylindrical outlet chamber (4) having a fluid outlet aperture (5), said inlet chamber containing a
coaxial cylindrical cage (6) opening mto said outlet chamber and said cage having m its cylinder wall at least one valve aperture
(7) to allow fluid to pass from said tluid inlet aperture into said outlet chamber, said control valve further comprising a coaxial
cylindrical plug (10) movable axially relative to said cage to close and open said valve aperture and a valve actuator (9, 11, 12,
13) operable to move said plug or cage relative to each other whereby to close or open said valve aperture, wherein said valve
aperture 1s arranged to provide fluid exiting said cage from said mlet chamber with a velocity component tangential to the cylin-
drical axis (31) of said cage.
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Fluid flow control valve

This invention relates to a fluid flow control or
choke valve, more particularly a valve for controlling
pressure and flow of a two or more phase fluid comprising
for example a continuous (e.g. 01l or gas) phase and a
discontinuous (e.g. water or olil droplet) phase, and to a
method of controlling pressure and flow rate of a fluid
using such a valve.

In the production and handling of hydrocarbons, e.g.
from an oil well, water is frequently present with and
hence needs to be separated from the hydrocarbons. Before
separation is completed, it may be necessary to control the
flow of water containing entrained ligquid and gaseous
hydrocarbon droplets or bubbles, or liquid hydrocarbon
containing entrained water droplets and gas bubbles, or
gaseous hydrocarbon containing entrained water or oil
droplets, etc. Since separation of the entrained droplets
is more difficult with smaller droplets, 1t 1is 1important
that the handling procedure should not itself cause droplet
fragmentation. Equally, in the handling of produced water
from hydrocarbon wells it is important not to cause further
fragmentation of entrained oil droplets as produced water

has to be substantially free of entrained oil droplets

before it is returned to the environment. Conventional
fluid flow control or choke valves, during fluid flow
regulation (e.g. valve closure and opening) can expose the
flowing fluid to high shear forces which cause droplet
fragmentation and Typhonix AS, in W02007/024138, has
proposed the use of a control valve in which a rotational
flow pattern is imparted to the incoming fluid at the
position at which flow rate is altered by the operation of

the valve. This is achieved by having the fluid enter a

cylindrical inlet chamber through a
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tangential inlet aperture which can be closed off by
axial movement of a piston within that chamber . The

rotating fluid passes from an Open end of the inlet

" chamber through a coaxial waisted cylindrical outlet

chamber and out of the valve through an outlet aperture

in the outlet chamber.

The terms "control wvalve" and "choke valve"
generally refer to the location within the fluid

handling system at which the valves are situated and the

functions that they perform. FOX convenience, the term

"eontrol valve" will be used hereinafter to refer to
both. -
| We have now found that control valve performance 1S
enhanced by the use of a valve comprising an apertured
member movable relative to a surtface between an open
position in which fluid flow through the aperture(s) 18
permitted and a closed position in which such flow 1s
reduced or eliminated and wherein the aperture is angled
to impart a rotational component tro the velocity of the
fluid flowing therethrough. In one preferred format,
this ié achieved by positioning a "plug and cage" valve
having tangential apertures in the "cage" between the
inlet and outlet chambers with a piston serving as the
"plug"” to shut off flow by closing the apertures in the

"cage".

wWith thismodificatién of the cage, energy loss Dby
rhe fluid transitting the wvalve is mainly dissipated by
virtue of the swirling flow in the outlet chamber and
does not result in significant droplet fragmentation.

Thus viewed from one aspect the invention provides

5 fluid flow control valve comprising a cylindrical

inlet chamber having a fluid inlet aperture and a
coaxial waisted cylindrical outlet chamber having a
fluid outlet aperture, said inlet chamber contalning a

coaxial cylindrical cage opening into said outlet

chamber and said cage having in 1ts cylinder wall at

least one valve aperture to 3llow fluid to pass from



CA 02712867 2010-07-22

WO 2009/093035 PCT/GB2009/000188

- 3 -

said fluid inlet aperture into said outlet chamber, saild

control valve further comprising a coaxial cylindrical

plug movable axially relative to said cage to close and
open said valve aperture and a valve actuator operable
to move said plug or cage relative to each other whereby

ro close or open salid valve aperture, wherein said valve

aperture is arranged toO provide fluid exiting said cage
from said inlet chamber with a velocity component
tangential to the cylindrical axis of said cage.

Tn the control valve of the invention, the outlet

chamber, in the flow path £from the cage to the wailst

(1.e. the waisted portion where the cross-sectional area

of the outleéet chamber is at 1ts emallest), i1s preferably

substantially free from intrusive structural elements.
Alternatively put, it is preferred that on this flow
path the volume filled by Fluid extends fully from the

snner wall of the outlet chamber to the axis of the
outlet chamber. In this way, this volume can be used for
energy digsipation, while extra turbulence, which can
cause noise, vibration and droplet ffagmentation, 1S
avoided.

The term "cylindrical" as used herein 1s not

restricted to forms having purely circular cross-
sections and, insofar as the inlet and outlet chambers
of the control valve are concerned, is also not

restricted to forms having side walls parallel to the

axis. Thus for example the croés-section.maybe
elliptical and, for the inlet and outlet chambers, the
side'walis may converge towards or diverge away from the
axlis. Circular or substantially circular cross-sections
are however preferred. Likewise the term "coaxial'" as
used herein for two or more items does not regquire the
axes of the items to be identical: they should be 1in
substantially the same direction and substantially
adjacent. True coaxiality however is preferred.

Tn one embodiment of the control valve, the fluid

inlet aperture may be arranged to cause fluid entering
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rhe inlet chamber to rotate about the cylindrical axis

before passing through the valve aperture(s) and into

the cage. Thus, both the fluid inlet aperture and the
valve aperture may be arranged to provide a tangential
velocity component and that these components are in the
same sense (i.e. the same rotational direction).

Tn an alternative embodiment OXL the cont:ol valve,

rhe inlet to the inlet chamber may Dbe axial and the

inner walls of the inlet chamber may be provided with

structures serving to impart rotational motion to the

fluid upstream of the cage. such structures may for

example be vanes, Or mMOIE preferably spiral grooves

and/or ridges on the outer surface of the houéing for

the plug driving mechanism. Likewise such structures may

be vanes or the like connecting or disposed between the

outer surface of the housing and the inner surface of

rhe outer wall of the inlet chamber. In these cases, the

cage may have apertures which are radially rather than

tangentially oriented, generally relatively large

apertures so as not to break the rotational motion

already imparted to the flowing fluid, or indeed the
cage may be omitted with flow increase/reduction beilng
cffected simply by axial motion of the plug. The use ot
tangential apertures in the cage, aligned with- the
rotational motion already imparted to the flowing fluid,
is however much preferred. Thus viewed from a further

aspect the invention also provides a control valve

comprising: a cylindrical inlet chamber having an
axially disposed fluid inlet aperture; and a coaxial
cylindrical outlet chamber having a fluid outlet
aperture; said inlet chamber containing a housing for a
‘plug itself axially movable to prevent fluid flow from
said inlet chamber to said outlet chamber; characterised

in that a surface contacted by fluid flowing over said

housing, e.g. the external surface oI said housing, 1s

shaped to impart rotational motion to fluid flowing from
said inlet chamber to said outlet chamber.
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In general, the control valves of the invention may
be "in-line" valves in which the fluid inflow direction
is coaxial with the cage, or "angled’ in ‘which the
inflow direction 1is at"an angle, typically about 90°, to

the cage axis. For angled valves, it is generally

preferred that the cage extend the length of the
. interior of the inlet cHamber, in which case the f£luid

inlet aperture will serve to introduce entering fluid

directly into the annular space between:the internal

wall of the inlet chamber and the extrernal wall of the

cage. In this configuration it is preferred that the

inlet aperture be disposed LO introduce fluid into this
annular space in a tangential direction. However, for
in-line valves, it is preferred that the cage does not
‘extend this full length and that the fluid inlet

aperture is positioned toO introduce fluid into the inle

(4

chamber at or near the end remote from the cage and the
outlet chamber, preferably along the cylindrical axis of

the inlet and outlet chambers.
The cage is preferably provided with a plurality of

valve apertures, e.g. up to 100 or more, and these are
preferably distributed in a rotationally symmetric

manner. The cross-sectional areas of the apertures may

be uniform; alterhatively they may increase (or
decrease) along the cylindrical axis. Likewise the
number ot apertures per unit length of axis may be
uniform or may vary. In this way the rate of onset or
cut-off ot fluidfloW'by'mation of the plug may be
roughly constant or may be accelerated or decelerated.
Wwhere the number of valve apertures 1is particularly
high, the cage wall may have a mesh-like appearancé.
The apertures in the cage wall may readily be
formed by drllllng or cutting through the cage wall,

preferably'ln a “angentlal direction. Other conventional

methods of producing apertures may of course be used.
As used herein "tangential direction" means a

direction which neither intersects the cylindrical axis
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nor is parallel thereto. preferably it is perpendicular
to the axis and.preferably it is substantially
perpendlcular to a radius. While the apertures may be
aligned to cause the flow direction therethrough TO bg
in the plane of the 1nlet chamber or cage respectively,

they may if desired be angled such that the flow

direction has a component in the axial direction,

cross-sectional shape, e.g. circular, regular polygonal,
or elongate, for example elliptical or slit-like. The
cross-section is preferably smooth and the apertures are
preferably slit-like or circular 1in cross—sectign —-
forms which may readily be achieved Dby cutting or
drilling. Where the apertures are elongate 1n cCcross-
section, e.g. slit-like, the elongation is preferably at

least partially and more preferably at least

majoratively in the axial direction of the cage.

The edges of the apertures, especially at the outer
surface of the cage, will desirably be smoothed.
Moreover, the cross-sectional area of the apertures may
increase or, preferably, decrease on passing from the
outside of the cage to the inside, e.9. they may be
substantially frustroconidal. The edge of the aperture
at the furthest from the axis of the cage is preferably
substantiallytangenﬁial a2t its entrance into the
interior of the cage. :

where the apertures are tangentially oriented, the
angle between the flow axis through the aperture in the
pléneperpendicular to the cage axis and the radius to
the centre of the aperture at the cage wall from the
cage axis is preferably as close to 90° as possible while
allowing the edge of the aperture at the furthest f£rom
rhe axis of the cage to be substantially tangential at
its entrance into the interior of the cage. Typically
this angle will be up to 887, foro example up CO 86° or up
to 85°. It 1s preferably 2t least 10°, more preferably at
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least 20° especially at least 307, more especially at
least 35°, particularly at least 70°. Thus for example 1t
may be 5 to 85°, especially 10 to 80°, e.g. 35 to 70°. It
is also preferred that the apertures be axially

oriented, i.e. that the angle between the flow axis

through the aperture and a plane perpendicular to the

cage axis at the centre of the aperture at the cage wall
is greater than 0°, preferably 5 tO 70°, particularly 10
ro 60°, e.g. 10 to 50°. Any such axial orientation is

preferably in the Flow direction from the cage. 1In this

way, the turbulence in the cage region, and any
resultant droplet fragmentation, may be minimised. The

use of a cage with apertures that are both tangentially

and axially oriented is novel and plug and cage valves
with such apertures form a further aspect of the

invention Tn these valves, the outlet chamber 18

preferably, but not essentially, .waisted.

In the control valve, the cage may be an open- ended
cylinder or may be closed at the end remote from the’
outlet chamber. The latter form 1is preferred when the
plug is disposed outside the cage and the former when
the plug is disposed within the cage.

The inner circumference at the outlet chamber end
of the cage, or of the plug where the plug is disposed
outside the cage, 1is preferably’substantially flush with
the inner circumference of the inlet end of the outlet
chamber. The cage and the outlet chamber or the plug and
the outlet chamber respectively may be held together, or

alternatively the cage or the plug respectively may be

an. integral portion of the inlet end ot the outlet

chamber.
As mentioned above, in an "angled flow’ embodiment

of the invention, the inlet aperture is also preferably
in a tangentlal direction, e.g. as shown 1in
Wo2007/024138, and in the control valve is preferably at
the end of the inlet chamber remote from the outlet

chamber. Two or more such inlet apertures may be
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provided so that fluid enters at two or more, preferably
uniformly circumferentially spaced, points. In an
alternative and preferred "in-line" embodiment of the

F

control valve of the invention, the inlet aperture 1S

preferably at the end of the inlet chamber aligned toO
produce an inlet flow direction parallel to the axis. In
this embodiment, the inlet aperture is preferably on the
cylindrical axis.

Where it is disposed within the cage, the plug may

be driven along the inside of the cage by the valve

actuator by any convenient means, e.g. by a rod

penetrating the end of the inlet chamber through a
sealed aperture. Where it is disposed outside the cage

in the control valve, the plug is preferably an open-

ended cvlinder and the cage may likewlse be driven along
the inside of the plug by the valve actuator. Operation
of the valve actuator may be manual or, more preferably,
by a drive motor. Thus for example the rod and the
aperture in the inlet chamber through which it passes

may be threaded so that rotation of the rod from outside

causes the plug to advance or retract. Alternatively,

the plug may be advanced oOr retracted without rotation.

Tt is preferred for all of the valves of the

invention that axial motion of the plug and/or cage be

sufficient essentially to cut off fluid flow through the
valve. It is also preferred that in all of the wvalves of
rhe invention the valve apertures in the cage should all
be tangential. In general, 1t 18 preferreq that the cage
be static and that the'blug be movable to open or close

the valves of the invention.

The cage, plug and chambers may have a circular
cross-section, or less preferably a non-circular Cross-
section, e.g. an elliptical or smoothed polygonal cross-
section. Where plug and cage have non-circular Cross-
sections, plug or cage advancement/retraction will not

involve plug or cage rotation.

As mentioned above, the outlet chamber in the
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control valve is of waisted cylindrical form. By this 1s

rhe internal diameter at the inlet of the outlet
chamber, especially 20 to 50%. The maximum internal

diameter of the outlet chamber downstream of the waist

is preferably 10 to 200% ot +rhe internal diameter at the
inlet of the outlet chamber, especially 20 to 150%, more

especially 50 to 150%. The ratio of axial length from

inlet to waist to walst to outlet aperture 1is preferably
0.1:1 to 10:1, more preferably 0.2:1 to 10:1,
particularly 0.2:1 to 5:1, e.g. 0.5:1 to 5:1. Th

internal surface in the flow direction may be a stepped

(U

entry to within the cage toO the waist of the outlet

chamber be free of valve components intruding into or

p—

constraining flow of the fluid. Likewise it is preferred

rhat the side wall of this region in the flow direction
<hould be substantially smooth, i.e. that there should

be no sharp stepwise reduction in cross-sectional area.

The internal surface roughness should preferably be kept
to a minimum.

The ratio of the internal‘diameter at the inlet of
rhe outlet chamber to the snternal length of the outlet
chamber is preferably 1:1 to 1:20, especilally 1:2 to
1:10. ' o

The inner surface of the valve will generally be
smooth in the axial direction between the downstream end
of the cage and the exit of the outlet chamber. In the
axial direction, the waist occurs between these two end
jpoiﬁts and the smooth surface may change in the flow

direction from parabolic to hyperbolic. If along this

surface, the point of minimum diameter (the waist) 1is
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designated B, the end of the cage A, the exit of the

outlet chamber C, and a point outside the valve on a

" radius from the cvlindrical axis through B is designated

D, then angle ABD 1is preferably 10-85°, especially 20-
80°, particularly 30-707, and angle CBD is preferably 40-
87° especially 50-85°, particularly 60-80°. Hence the
angle ABC is preferably 50-172°, especially 70-165",
particularly 90-150".

The fluid outlet aperture in the outlet chamber 1s
preferably at the end remote from the inlet end. The

aperture may be in the end of the chamber, preferably at

L

the axis, or alternatively it may be in the side wall.

Tf the outlet aperture 1S off-axis, it is preferably

oriented to remove fluid from the outlet chamber i1n a
tangential direction. It 1s particularly preferred that
the end of the outlet chamber remote from the inlet

chamber be the outlet aperture.

A vortex breaker is preferably positioned in or

after the outlet chamber so as to remove the rotational

otion of the exiting fluid. Such a breaker may take the
form of a set of plates or tubes parallel to the
cylinder axis Or mean flow direction. Where a vortex

breaker 1s positioned within the outlet chamber, it 1is

preferably positioned downstream of the waist so as TO

avoid generating turbulence in the volume upstream of

"the waist.
Tt is especially preferred that the vortex breaker

comprise surfaces (e.g. axially and-radially extending
vanes) having an angle to the axis of the outlet chamber
trhat decreases in the flow direction and which, were

flow to be reversed, would impart a rotational motion to

3 Tinearly flowing rluid. Such vanes are significantly
more effective than simple planar surfaces aligned

' parallel to the axis. Thus for example tests have shown
rhat the noise level during operation may be reduced by
a guarter or more. Desirably, the surfaces are aligﬁed

such that at their upstream end they are close to
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parallel (e.g. within 10°) to the "helical" flow
direction of the fluid reaching them from the waist, and
that at their downstream end they are close to parallel
to the axis. In this way, the transfer from rotating to

linear flow may be achieved most smoothly and with the

minimum of noise and vibration.

The control valves are preferably provided with

external flanges about the inlet and outlet apertures SO

that fluid may be fed into the valve and removed from

upstream of the fluid inlet aperture oOr downstream ot

the fluld outlet aperture.

The cage, plug and chambers will typlcally be ot

plastics or, more preferably, metal, e.g. carbon or
stainless steel, cast or forged steel, or cast iron,

optionally together with an erosion resistant surtace Or

- surface coating such as tungsten carbide, titanium
carbide, polycrystalline diamond, Or a ceramic.
As mentioned above, the valves of the invention are

particularly suited for use in controlling flow of two

or three phase fluids, e.g. emulsions and dispersions,

for convenience referred to herein as emulsions. The

are released onpéssagefthrough the cage, and for use
with liguids with entrained liquid droplets.

Thus viewed from a further aspect the invention
provides a method of altering flow rate or pressure of
an emulsion through a conduit comprising a valve by

opération of said valve, characterized in that -said

valve is a valve according to the present invention.

In the method of the invention, the emulsion 18
preferably a hydrocarbon-in-water emulsion(e.g. produced
water), a water-in-hydrocarbon emulsion, or a ligquid in
gas dispersion (e.g. an aerosol). In the method, the

conduit preferably connects the valve to an upstream
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and/or downstream phase separator, €.g. a gravity ox

cyclone separator.
Tn the control wvalve of the invention, the cyclonic

permitting a lesser pressure drop on transitting the

‘during valve operation. The avoidance oI structural
elements in the flow from cage to waist further
contributes to this avoidance of turbulence and
improvement of wvalve function. Likewise, the use ot
apertures which are both tangentially and axially
oriented results in lower préssure drop on transitting
the cage and 1ass turbulence in the region from cage tO
waist. As a result of the combination of twoO Or moIe of
rhese features, the control valve is thus suited for use
with fluids with entrained droplets of either higher or

lower density.

while the invention has thus far been described in
terms of a control valve having an inlet chamber into
which fluid enters before passing through a cage, the
principles behind 1t are also applicable to other valves
having an apertured member as discussed above and such
valves also form part of the invention. |

Thus viewed from a further aspect the invention
provides a control valve comprising a cylindrical inlet
chamber having an outlet aperture at one end and an

inlet aperture in the side wall and containing a coaxial

cylindricéiplué and a coaxial cyliﬁarical cage which
has a valve aperture in its side wall and is open at the
end adjacent the said outlet aperture, wherein said plug
is axially movable to permit or prevent fluid flow from
said inlet aperture through said valve aperture~and out

through said outlet aperture, characterized in that said
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valve aperture is oriented in a tangential direction.
Tn this format of the control valve, the plug and

cage may be two separate coaxial structures, with the

axial movement of the plug serving to open Or close the

valve apertures in the cage. preferably, however, the

plug and cage are integrally formed with axial movement
serving to move the cage into or out of a position in
which fluid may pass through the inlet aperture, the

valve aperture and the outlet aperture.
The preferfed aspects which have been described

above for the control wvalves of the invention, e.d.

aspects of cage and outlet chamber construction, and

which are compatible with the this valve format are also

preferred with this valve format.
In general,"the invention extends to all valves

having an inlet chamber, a waisted outlet chamber, a
valve member movable over the surface of an apertured
member to prevent fluid flow through said apertured
member and into the outlet chamber, and means to cause
fluid flowing through the apertured member to have a
rotational movement.

gince the valves of the invention reduce droplet
fragmentation, one result is that the effective
viscosity of the fluid downstream of the valve 1s less
than with a conventional valve making the valves of the
invention particularly suitable for use with more
viscous liquids, for example heavy crude oils, since the
energy needed to cause the ligquids to flow is reduced
and the need for drag-reducing chemical additives 1is
reduced or avoided. The valves are thus particularly

suitable for use as subsea choke valves, ‘e.g. upstream

of risers and transportation pipelines.
The invention will now be described further with

reference to the accompanying drawings, in which:
Flgure 1 is a schematic 1ong1tud1na1 cross—-section
through a first valve according to the invention;
Figure 2 is a longitudinal Cross- section through a



CA 02712867 2010-07-22

WO 2009/093035 PCT/GB2009/000188

- 14 -

csacond valve according to the invention omitting the
outlet chamber;
Figure 3 is a longitudinal view of the valve of

Figure 2;

Figure 4 is a longitudinal cross-section through

the inlet chamber of the valve of Figure 2;
Figure 5 is a longitudinal cross—-section through a
control valve according to the invention;

Figure 6 1s a cut-away perspective drawing of an

angled control valve;

Figure 7 1s a cut-away perspective drawing of part
of an inline control valve of similar structure TO that
of Figure 1; and

Figure 8 is a schematic view of a control valve in

which fluid entering axially is given a rotational

motion upstream of the plug and cage.
Figures 6 and 7/ show conventional plug and cage

valves produced by Mokveld Valves BV and are reproduced

herein with that company's permission. These TwoO Figures
thus do not in fact show tangentially orienﬁed apertures
in the cage, and indeed such orientation would not be

discernible from the'Figurés. However, these two Figures
are included as they conveniently show other structural
features which preferably are present in the valves of

the invention. The following description of the Figures

should thus be read as if these two Figures showed cages

with apertures having the desired tangential and/or
axial orientation. |

Referring to Figures 1 and 7 there is shown a
control valve 1 having a cylindrical inlet chamber 2
with an axially positioned fluid inlet aperture 3 and
having a coaxial waisted cylindrical outlet chamber 4
(not shown in Figure 7) with an axially positioned fluid
outlet aperture 5.

within the inlet chamber 2 is located a coaxilal
cylindrical cage 6 opening at one end into outlet

chamber 4. The cage 6 has a plurality of tangential
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valve apertures 7 in 1its side wall. The end of cage 6
remote from outlet chamber is closed by casing 8 which
contains a transmission unit 9 arranged tO move plug- 10
along within the cage to seal or unseal the valve
apertures by moving piston rod 11 axially. Transmission
unit 9 operates to transform rotational or axial motion
of stem 12 produced.byexternél drive motor 13 1nto
axial motion of the piston rod.

Where a housing, such as housing 3, is present 1in

the inlet chamber, the upstream end is preferably

conical to facilitate fluid flow thereover.

T

nlet aperture 3 1s attached tO inlet pipe 14 at
flange 15. Outlet aperture’S ig attached to outlet pipe
16 at flange 17. Inlet and outlet pipes 14 and 16 as

shown have the same internal diameter.

The internal surface of outlet chamber 4 upstreamnm
of waist 18 is at 30° to the axis of the chamber in the

axial direction, i.e. the cone angle 1s 60°. Downstream

of the waist the angle varies smoothly.

within the downstream end of outlet chamber 18
disposed a vortex breaker 13.

‘Referring to Figures 2 to 4 there is shown a
control valve 20 having a cylindrical inlet chamber 21
with an inlet aperture 22 in the side wall and
containing'an open-ended cylindrical coaxial cage 23 the
downstream end of which is attached to an outlet . chamber
(not shown) wvia flange 30. The cylindrical axis (31) ot
the cage.and inlet chamber 1s showm. The cage and the
inlet chamber are also attached via flanges 30.
Tangentially oriented apertures 24 in the side wall of
cage 23 allow fluid to pass from the inlet chamber TO
rhe outlet chamber. Within cage 23 1s disposed
cylindrical plug 25 mounted on piston 26 which passes
through a piston aperture 27 in the end wall of the
inlet chamber. The piston and the piston aperture are

rhreaded so that turning handle 23 on piston 26 causes

plug 25 to cover Or uncover the tangentially orilented
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apertures 24 in the cage wall. An inlet pipe (not shown)
may be attached to flange 29 on the exterior of the
inlet chamber to introduce fluid 1nto the valve through

inlet aperture 22.

Referring to Figure 5 there is shown a control
valve 32 having a cylindrical inlet chamber 33 provided
with an inlet aperture 34 in its side wall and an outlet
aperture 35 at one end. Within chamber'33 is disposed an

open ended plug-and-cage cylinder 36 attached via piston

37 to a drive motor 38. In the side wall of the plug-

and-cage cylinder at the downstream end thereof are

tangentially oriented valve apertures 39. Movement of
the plug-and-cage cylinder in the downstream direction

causes the valve apertures 39 and inlet aperture 34 to

move out of alignment thus preventing fluid flow through

the valve.

Referring to Figure 6, there is shown a control

valve 40 having a cylindrical inlet chamber 41 provided

with a non-tangential inlet aperture 42 1in its side wall

and an outlet aperture 43 at one end. Within chamber 41
is disposed a fixed cage cylinder 44 and a movable plug
cylinder 49 attached via piston 45 to a drive motor (not

shown). In the side wall of the cage section of cage

cylinder 44 are tangentially oriented valve apertures
16 Movement of the plug cylinder 49 1n the upstream
direction under the operation of piston 45 permits fluid
to pass from the inlet aperture, through the valve
apertures and out through the outlet aperture.

Referring to Figure 8 there is shown a partial cut-
away view of a plug and cage control valve having an

inlet chamber 50 containing a housing Sl‘itself

containing a transmission unit for driving'plug"SZT““
Inlet chamber 50 communicates with outlet chamber 53 via
a fixed radially or tangentially apertured cage 54 .
Rotational movement of stem 55 is transformed into axial
movement of plug 52 as in the valve of Figures 1 and 7.

Fluid entering inlet chamber 50 1s provided with
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rotational movement by the spirally shaped surtface of

housing 51 before passing through cage 54 .
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Claims:

1. A fluid flow control valve comprising an inlet
chamber having a fluid inlet aperture and a coaxial
waisted outlet chamber having a fluid outlet aperture,
sald inlet chamber containing a coaxial cage opening
into said outlet chamber and said cage having in a wall
thereof at least one valve aperture to allow fluid to
pass from salid fluid inlet aperture into said outlet
chamber, said control valve further comprising a coaxial
plug movable axially relative to said cage to close and
open salid at least one valve aperture and a valve
actuator operable to move said plug or cage relative to
each other whereby to close or open salid at least one
valve aperture, wherein said at least one valve aperture
is arranged to provide fluid exiting said cage from said
inlet chamber with a velocity component tangential to an

axlis of said cage.

2. A valve as claimed in claim 1 wherein at least one
of the inlet aperture and the 1nlet chamber are so
formed that fluid flowing from said inlet aperture to

said at least one valve aperture is given a velocity

component tangential to the axis of said cage.

3. A valve as claimed in claim 1 or 2 wherein said at

least one valve aperture is both axially and

tangentially oriented relative to the axis of said cage.

4., A valve as claimed in any one of claims 1 to 3
wherein a vortex breaker is positioned 1n said outlet

chamber downstream of the waisted portion thereof.
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5. A valve as claimed in claim 4 wherein said vortex
breaker comprises radially and axially extending vanes
the fluild impact surfaces whereof are at a progressively
decreasing angle relative to the axis of said outlet

chamber from the end proximal to said cage to the end

distal to said cage.

6. A valve as claimed in any one of claims 1 to 5

wherein said fluid inlet aperture and said fluid outlet

aperture are substantially coaxial with said inlet and

outlet chambers.

7. A valve as claimed in any one of claims 1 to 6
wherein said outlet chamber is substantially free from
intrusive structural elements in a fluid flow path from

sald cage to the waisted portion of said outlet chamber.

8. A plug and cage valve having an apertured cage and
an outlet chamber, wherein apertures in the cage are
both axially and tangentially oriented and the outlet

chamber 1s waisted.

9. A valve as claimed in any one of claims 1 to 8
wherein the angle between the flow axis through said
fluid inlet and outlet apertures or said apertures 1n
the plane perpendicular to the axis of said cage and the
radius from the axis of said cage to the centre of said
fluid inlet and outlet apertures or said apertures at

the wall of said cage is 35 to 88°.

10. A valve as claimed in any one of claims 1 to 9
wherein the angle between the flow axis through said
fluid inlet and outlet apertures or sailid apertures and a
plane perpendicular to the axis of said cage at the
centres of said fluid inlet and outlet apertures or said
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apertures at the wall of said cage is 5 to 70°.

11. A control valve comprising: an inlet chamber having
an axially disposed fluid inlet aperture; and a coaxial
outlet chamber having a fluid outlet aperture; said
inlet chamber containing a housing for a plug itself
axially movable to prevent fluid flow from said inlet
chamber to said outlet chamber; characterised in that a
surface of said housing contacted by fluid flowing over
said housing is shaped to impart rotational motion to
fluid flowing from said inlet chamber to said outlet

chamber.

12. A valve as claimed in claim 11 wherein said surface
contacted by fluid flowing over said housing 1s the
external surface of said housing.

13. A control valve comprising an inlet chamber having
an outlet aperture at one end and an inlet aperture 1in a
side wall of the inlet chamber and containing a coaxial
plug and a coaxial cage which has a valve aperture 1n
said side wall and is open at the end adjacent the said
outlet aperture, wherein said plug is axially movable to
permit or prevent fluid flow from said inlet aperture
through said valve aperture and out through said outlet

aperture, characterized in that said valve aperture 1is

oriented in a tangential direction and said plug and

cage are integrally formed.

14. A method of altering flow rate or pressure of an
emulsion through a conduit comprising a valve by
operation of said valve, characterized in that said

valve is a valve according to any one of claims 1 to 13.

15. A method as claimed in claim 14 wherein the densilty
of the continuous phase of the emulsion 1s greater than
that of the discontinuous phase.
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