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(54) DEVICE FOR CONTROLLING FLUID FLOW

(57) A device (22) for controlling the flow of a fluid
through a conduit (1) from an upstream side (4) of the
device to a downstream side (6) of the device. The device
includes a valve aperture (30), a cylindrical mounting
member (24) on the downstream side of the valve aper-
ture, a valve member (26) on the outside of the cylindrical
mounting member that moves reciprocally to open and
close the valve aperture, a control volume (44) defined
between the cylindrical mounting member and the valve
member, an arrangement (8) for introducing a control
pressure into the control volume, and a seal (34) between
the outer surface of the cylindrical mounting member and
the inner surface of the valve member that substantially
seals the control volume. The valve member is acted on
by the pressure of the upstream side (Pi) and the control
pressure (P4) so as to be moved by the difference be-
tween these pressures.
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Description

[0001] This invention relates to a device for controlling
the flow of fluid in a conduit, e.g. for regulating pressure
in fluid systems, in particular to a device for controlling a
flow rate in a fluid flow stream to deliver a desired output
pressure.
[0002] In fluid flow systems such as pipes and con-
duits, e.g. as can be found in many different industrial
situations, there is a need to regulate the pressure in a
fluid flow stream through the pipe or conduit. In such sys-
tems there is an input pressure that may be constant or
fluctuating in time and which it is desired to control to a
lower target output pressure, which also can be constant
or fluctuating.
[0003] One example of such devices is a computer
controlled pressure regulator in which the position of a
valve is adjusted depending on the measured input and
output pressures in order to deliver the desired output
pressure. Such devices are very complicated, e.g. be-
cause of all the control circuitry and associated valve
actuation needed to achieve the required sensitivity.
[0004] A second example of such devices is a pilot
operated pressure regulator, which acts as a pressure
regulator amplifier. The pilot regulator provides a control
pressure in a small plenum which in turn controls a larger
regulator, as it is easier to control a small regulator. Such
devices are generally rather large and protrude a long
way from the pipework in which they are installed, as well
as containing many different moving components, e.g.
springs and valves, which require calibration and main-
tenance. Furthermore, these types of regulators can be
relatively high cost, particularly those suitable for high
mass flow rates.
[0005] It is an object of the invention to provide an im-
proved device for controlling the flow of a fluid through a
conduit.
[0006] When viewed from a first aspect the invention
provides a device for controlling the flow of a fluid through
a conduit from an upstream side of the device to a down-
stream side of the device, the device comprising:

a valve aperture;
a cylindrical mounting member arranged on the
downstream side of the valve aperture;
a valve member movably mounted on the outside of
the cylindrical mounting member and arranged to
move reciprocally to selectively open and close the
valve aperture, thereby controlling flow of the fluid
through the valve aperture;
a control volume defined between the cylindrical
mounting member and the valve member;
an arrangement for introducing a control pressure
into the control volume; and
a seal arranged between the outer surface of the
cylindrical mounting member and the inner surface
of the valve member for substantially sealing the con-
trol volume;

wherein the valve member is acted on by the pres-
sure of the upstream side and the control pressure
so as to be moved by the difference between these
pressures.

[0007] The present invention provides a device for con-
trolling (e.g. pressure regulating) the flow of fluid through
a conduit (e.g. in which the device is placed). The flow
of fluid through the device is controlled between an up-
stream side of the device and a downstream side of the
device, with a valve aperture of the device, for example,
defining the boundary between the upstream and down-
stream sides. The flow of fluid through the valve aperture,
and thus through the device from the upstream side to
the downstream side, is controlled by a valve member
that is movably mounted on the outside of a cylindrical
mounting member. The cylindrical mounting member is
arranged in the device downstream of the valve aperture
(and thus preferably the valve member is arranged down-
stream of the valve aperture) and the valve member is
arranged to move reciprocally on the outside of the cy-
lindrical mounting member to selectively open and close
the valve aperture.
[0008] Between them, the (e.g. end of the) cylindrical
mounting member and the valve member define a control
volume. A control pressure is introduced into the control
volume using a suitable arrangement, with the control
volume being substantially sealed by a seal positioned
between the outer surface of the cylindrical mounting
member and the inner surface of the valve member. The
control pressure, as well as the pressure of the fluid on
the upstream side of the device, acts on the valve mem-
ber, so that it is moved by the difference between these
pressures.
[0009] Thus it will be appreciated that the device (e.g.
pressure regulator or control device) of the present in-
vention has a particularly simple design, having (at least
in preferred embodiments) only three basic parts: the
valve aperture, the cylindrical mounting member and the
valve member (which define a, e.g. single, control vol-
ume). The only moving part (at least in preferred embod-
iments) is the valve member. This simplicity helps to pro-
vide a robust and reliable device, which may be manu-
factured inexpensively and compactly, e.g. compared to
the complicated, expensive and bulky prior art pressure
regulators.
[0010] With only three main components, there may
only be two tolerances that are necessary to control to
provide alignment of the device: that of the cylindrical
mounting member with respect to the valve member and
that of the cylindrical mounting member with respect to
the valve aperture (the latter to help align the valve mem-
ber with the valve aperture in order to produce an effec-
tive seal when closed). Again, this shows the simplicity
of the device which helps to provide a robust and reliable
device.
[0011] Having (e.g. only) a single valve aperture helps
to minimise the risk of blockages forming in the device,
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and providing the seal for the control volume on the outer
surface of the cylindrical mounting member (and thus the
inner surface of the valve member) helps to maximise
the cross sectional surface area of the control volume
that acts on the valve member. This thus maximises the
control that is able to be exerted on the valve member
and thus the control of the flow of fluid through the valve
aperture.
[0012] The device and the components thereof may
be arranged in any suitable and desired way. In a pre-
ferred embodiment the cylindrical mounting member, the
valve member and the valve aperture (and also prefera-
bly the device itself) are arranged coaxially with respect
to each other about an axis. In a preferred embodiment
the cylindrical mounting member, the valve member and
the valve aperture (and also preferably the device itself)
are substantially rotationally symmetric about the axis.
Preferably the axis extends in a direction collinearly with
the general (e.g. average) direction of fluid flow through
the valve aperture.
[0013] Preferably the axis of the device is parallel to,
e.g. collinear with, the axis of the conduit in which the
device is arranged. It will be appreciated that this arrange-
ment allows the device to be easily fitted within an existing
pipe, e.g. inserted inside a pipe at a flange or even in a
continuous section of pipework, as the largest dimension
of the device is likely to be in that in which the valve
member moves. Therefore no additional space is re-
quired to house the device and it can be retro-fitted rapidly
and at low cost in most sections of pipework or at most
pipe joints without any significant alteration in the pipe-
work. As has been explained, conventional devices re-
quire the pipework layout to be redesigned for the new
flow control equipment to be incorporated. Devices in
accordance the present invention can therefore signifi-
cantly reduce the cost and work required to incorporate
it into an existing system.
[0014] The arrangements mentioned above, in partic-
ular, as well as other embodiments, allow devices in ac-
cordance with the present invention to facilitate very high
mass flows for a given conduit diameter and pressure
compared to conventional pressure regulators. This is
because of the simple layout of the device, which gives
a relatively straight flow path through the device and al-
lows it, in certain configurations, to have a very low min-
imum pressure drop across the device, compared to the
tortuous flow path and multiple moving components in a
conventional pressure regulator. This creates a very flex-
ible device which can be used for many different appli-
cations.
[0015] The valve aperture, through which the flow of
fluid is controlled by the valve member and onto which
the valve member seals when the valve aperture is
closed, preferably defines the boundary between the up-
stream side and the downstream side of the device. Pref-
erably the device has only a single valve aperture.
[0016] The valve aperture may be arranged with re-
spect to the cylindrical mounting member and the valve

member, and to the conduit, in any suitable and desired
configuration. Preferably, as indicated above, the valve
aperture lies in a plane perpendicular to the axis of the
cylindrical mounting member and, thus preferably also
to the axis of the device. In a preferred embodiment the
device comprises a housing, wherein the housing com-
prises a wall in which the valve aperture is defined. Pref-
erably the housing is attached to (and preferably sealed
against) the cylindrical mounting member. Connecting
the housing (and thus the valve aperture), e.g. structur-
ally and directly, to the cylindrical mounting member
helps to align the valve member precisely with the valve
aperture. For example, as outlined above, only the toler-
ances between the cylindrical mounting member and the
housing, and between the cylindrical mounting member
and the valve member, may need to be controlled to align
the valve member precisely with the valve aperture (e.g.
the wall in which the valve aperture is defined).
[0017] Preferably the housing comprises an interior
volume that substantially surrounds the cylindrical
mounting member and the valve member, e.g. the cylin-
drical mounting member and the valve member are ar-
ranged in the interior volume of the housing.
[0018] In one embodiment the device is arranged (e.g.
in a conventional cast body) with the axis of the device
at an angle (e.g. perpendicular) to the axis of the up-
stream and downstream sides of the conduit. In this em-
bodiment preferably the housing is formed by the wall of
the conduit. In this embodiment the device may not in-
clude a flange comprising one or more apertures through
which the fluid is arranged to flow into the downstream
side of the conduit. Instead, the fluid flow may simply exit
the device at an angle (e.g. perpendicularly) to the axis
of the device into the downstream side of the conduit.
However the arrangement of the valve aperture, the cy-
lindrical mounting member and the valve member may
comprise the same optional and preferred features as
described herein, e.g. in relation to the embodiments in
which the axis of the device is coaxial with the conduit.
[0019] The valve aperture may have any suitable and
desired shape. In a preferred embodiment the valve ap-
erture has a cylindrical shape, e.g. having a circular cross
sectional area (in a plane perpendicular to the general
direction of fluid flow through the valve aperture, e.g. to
the axis of the device). Preferably the longitudinal axis
of the cylindrical shape of the valve aperture is collinear
with the axis of the device.
[0020] In a preferred embodiment the downstream
side of the valve aperture has a perpendicular edge, e.g.
with an internal surface through the valve aperture that
is parallel to the axis of the device. Thus preferably the
downstream side of the valve aperture has a planar face
in a plane perpendicular to the axis of the device, e.g.
against which the valve member engages. Preferably the
upstream side of the valve aperture has a cross sectional
area that increases, e.g. exponentially, in the upstream
direction.
[0021] The cylindrical mounting member is arranged
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on the downstream side of the valve aperture, preferably
coaxially with the valve member and the valve aperture.
Thus preferably the longitudinal axis of the cylindrical
mounting member (i.e. along which the cross sectional
area of the cylindrical mounting member is extended) is
collinear with the axis of the device. The cylindrical
mounting member may have any suitable and desired
cross sectional shape (in a directional perpendicular to
its axis). Preferably the cylindrical mounting member has
the same cross sectional shape as the shape of the valve
aperture, e.g. circular. Preferably the cylindrical mount-
ing member comprises a planar end (the end proximal
to the valve aperture) against which the (e.g. (inner) end
of the) valve member abuts when the valve aperture is
fully open.
[0022] The cylindrical mounting member may be ar-
ranged with respect to the valve aperture and the valve
member, and to the conduit, in any suitable and desired
configuration. Indeed the device may be mounted in the
conduit in any suitable and desired way, e.g. integrally
formed with (e.g. a section of) the conduit. However pref-
erably the device is provided as a separate structure with-
in (or with respect to) the conduit and thus in a preferred
embodiment the device comprises a flange for mounting
the device within (or with respect to) the conduit (e.g. for
attaching the device to the conduit), wherein the cylindri-
cal mounting member is attached to, e.g. integrally
formed with, the flange. The flange may be integrally
formed with the cylindrical mounting member in any suit-
able and desired way. In a preferred embodiment the
flange is integrally machined (e.g. from the same solid
block of material) with the cylindrical mounting member.
Preferably the flange is radially extending, e.g. in a plane
perpendicular to the axis (of the device and/or of the cy-
lindrical mounting member and/or of the conduit in which
it is to be mounted).
[0023] The flange may be arranged for mounting the
device in the conduit, e.g. for suspending the device with-
in the conduit. However preferably the flange is arranged
for mounting the device between the upstream and down-
stream sides of the conduit, e.g. between two sections
of the conduit. This may allow the, e.g. radial, size of the
device to be maximised and thus helps to maximise the
flow capacity of the device.
[0024] When the device is arranged to be mounted be-
tween two sections of the conduit, e.g. between two flang-
es of the conduit, the flange (to which the cylindrical
mounting member is attached) may solely be used to
attach the device to the (e.g. flanges of the) conduit. How-
ever in a preferred embodiment the flange and the hous-
ing (in which the valve aperture is formed) are arranged
for mounting the device between the upstream and down-
stream sides of the conduit. Preferably the wall (in which
the valve aperture is defined) of the housing comprises
a flange arranged for mounting the device between the
upstream and downstream sides of the conduit, e.g. in
addition to the flange to which the cylindrical mounting
member is attached. The flange may be integrally formed

with the housing in any suitable and desired way. In a
preferred embodiment the flange is integrally machined
(e.g. from the same solid block of material) with the hous-
ing.
[0025] Thus in a particularly preferred embodiment the
device comprises a flange at either end (one to which
the cylindrical mounting member is attached and the oth-
er in which the valve aperture is formed) that are arranged
for mounting the device between the upstream and down-
stream sides of the conduit. Preferably the flanges are
integrally formed (e.g. integrally machined (e.g. from the
same solid block of material)) with the cylindrical mount-
ing member and the valve aperture (e.g. with the housing
in which the valve aperture is formed) respectively.
[0026] In a preferred embodiment the device is ar-
ranged to be mounted (e.g. by means of one or more
flanges) between the upstream and downstream sides
of the conduit within a flange bolt circle (i.e. between
flanges in the upstream and downstream sides of conduit
that are held together by bolts).
[0027] Preferably the device (and thus the cylindrical
mounting member, the valve member and the valve ap-
erture) is arranged to be mounted coaxially within (or with
respect to, e.g. between two sections of) the conduit. The
cylindrical mounting member may be arranged with re-
spect to the flange in any suitable and desired configu-
ration. Preferably the cylindrical mounting member
projects (in the direction of its longitudinal axis) perpen-
dicularly to the plane of the flange. The cylindrical mount-
ing member may project from the flange in a downstream
direction or in downstream and upstream directions (i.e.
the cylindrical mounting member may extend through the
flange in both of these directions) but preferably the cy-
lindrical mounting member projects from the flange in an
upstream direction (e.g. preferably the flange forms the
downstream extent of the device).
[0028] Depending on application the device may be
produced with a high shut-off tightness (leak rate as a
fraction of the regulator capacity at full travel) or to give
complete shut-off. In some applications, however, a low-
er shut-off tightness might be tolerated (such that there
is some leakage from upstream to downstream sides). If
the device can be manufactured such that a high shut-
off tightness is not required, it removes the need for ad-
ditional or expensive seals to be incorporated in the de-
vice, further decreasing the cost of the device.
[0029] In any of the embodiments discussed above
with regard to the mounting of the device in an arrange-
ment of pipework, the device could be fitted to a section
of pipe or conduit which is then fitted into an existing
pipework layout, e.g. by removal of a section of pipe and
replacing it with the section of pipe with the device fitted
inside or therebetween. This is particularly useful in a
complex pipe layout in which it may be difficult to fit the
device in situ, but it is feasible to replace a particular
section of pipe. The invention therefore extends to a sec-
tion or sections of pipe (or conduit) comprising the device
as recited in the first aspect of the invention, to control
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the flow of fluid through the conduit.
[0030] In a preferred embodiment the housing (in
which the valve aperture is formed) is attached to the
cylindrical mounting member via the flange, e.g. the
housing is attached to the flange (to which the cylindrical
mounting member is attached or with which the cylindri-
cal mounting member is integrally formed). The housing
may be attached to the flange (or to the cylindrical mount-
ing member) is any suitable and desired way. Preferably
the housing is attached to the flange (or to the cylindrical
mounting member) using bolts or screws. Preferably the
housing is attached to the flange such that the valve ap-
erture is aligned with the valve member.
[0031] In a preferred embodiment the housing and the
cylindrical mounting member, e.g. the housing and the
flange, may be attached to each other so to form a seal
therebetween. Thus preferably the flange and the hous-
ing each comprise sealing surfaces for sealing the flange
against the housing (and, e.g., aligning the valve aperture
with the valve member).
[0032] The cylindrical mounting member may be ar-
ranged in the device and with respect to the conduit in
any suitable and desired way to allow fluid to flow through
the device and into the downstream side of the conduit
after passing through the valve aperture. When the de-
vice comprises a flange to which the cylindrical mounting
member is attached (e.g. integrally formed with), prefer-
ably the flange comprises one or more apertures, e.g. a
plurality of apertures, to allow fluid to flow through the
flange and into the downstream side of the conduit.
[0033] When the housing (in which the valve aperture
is formed) is attached to the cylindrical mounting member
(e.g. to the flange), the housing (and, e.g., the flange)
thus form a volume within which the cylindrical mounting
member and the valve member are located. Thus pref-
erably the housing, e.g. preferably the flange, comprises
one or more apertures, e.g. a plurality of apertures, to
allow fluid to flow through the housing, e.g. through the
flange, and into the downstream side of the conduit. Pref-
erably the one or more apertures in the flange are pro-
vided within the area for which the housing defines a
perimeter when it is attached to the flange.
[0034] Preferably the one or more (preferably between
two and eight) apertures, e.g. in the flange, have a (e.g.
combined) cross sectional area for the fluid flow so to not
restrict the fluid flow, e.g. further than the restriction pro-
vided by the valve aperture and valve member. Thus pref-
erably the one or more apertures have a greater (e.g.
total) cross sectional area than the maximum cross sec-
tional area for fluid flow between the valve member and
the valve aperture when the valve aperture is fully open.
In a preferred embodiment the one or more apertures
undercut the (outside of the) cylindrical mounting mem-
ber. This helps to maximise the fluid flow through the
device and into the downstream side of the conduit. Thus
preferably the outer dimension of the cylindrical mounting
member (in a direction perpendicular to the direction in
which the cylindrical mounting member extends) is fur-

ther from the central axis of the cylindrical mounting mem-
ber than the internal edge (i.e. the edge of (e.g. each of)
the one or more apertures that is closest to the central
axis of the cylindrical mounting member) of (e.g. each
of) the one or more apertures.
[0035] The valve member, which is movably mounted
on the outside of the cylindrical mounting member, may
be arranged in the device in any suitable and desired
way in which it achieves its purpose of moving in a re-
ciprocal manner to open and close the valve aperture, to
thereby control flow of the fluid through the valve aper-
ture. For example the valve member may comprise a
sheath on the outside of the cylindrical mounting mem-
ber. Thus preferably the valve member is mounted co-
axially on the outside of the cylindrical mounting member.
Also preferably the valve member comprises an annular
cross section (in a plane perpendicular to the axis of the
valve member and, e.g. the device), e.g. at least for the
portion of the valve member that is mounted on the cy-
lindrical mounting member, e.g. preferably the valve
member comprises a longitudinally extended annulus
(e.g. extended in a direction parallel to the axis of the
valve member and, e.g. the device).
[0036] In a preferred embodiment the (movement of
the) valve member is (e.g. solely) guided by the (outer
surface of the) cylindrical mounting member, e.g. to align
the valve member with the valve aperture. Thus, in pre-
ferred embodiments the valve member is both sealed on
and guided by the outer surface of the cylindrical mount-
ing member, e.g. the inner surface valve member and
the outer surface of the cylindrical mounting member are
configured to cooperate both to guide the valve member
and to provide a location for the seal between the inner
surface valve member and the outer surface of the cy-
lindrical mounting member.
[0037] In one embodiment the device comprises one
or more bearing strips between the cylindrical mounting
member and the valve member. The one or more bearing
strips help to guide the valve member and to reduce fric-
tion and wear. Preferably the one or more bearing strips
are located in one or more (e.g. circumferentially extend-
ed) grooves in the (outer surface of the) cylindrical mount-
ing member. Preferably the one or more bearing strips
comprise a plastic (e.g. polytetrafluoroethylene (PTFE)).
Preferably the one or more bearing strips each have a
thickness (e.g. in the radial direction) of approximately 2
mm.
[0038] As has been described, preferably the valve
member moves in a direction parallel to the axis of the
cylindrical mounting member and, e.g. to the axis of the
device and/or to the conduit, e.g. coaxial about the cy-
lindrical mounting member. Thus preferably the valve
member is arranged to move in a direction perpendicular
to the plane of the valve aperture. The valve member
may be any suitable and desired cross sectional shape
(in a directional perpendicular to its axis), for moving in
a reciprocal manner on the outside of the cylindrical
mounting member. Preferably the inner surface of the
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valve member has the same cross sectional shape as
the outer surface of the cylindrical mounting member,
e.g. circular. Such an arrangement facilitates the recip-
rocal motion of the valve member.
[0039] Preferably the part of the valve member, e.g.
the end of the valve member closest to the valve aperture,
that engages with the valve aperture has the same cross
sectional shape as the shape of the valve aperture, e.g.
circular. The valve member may engage with the valve
aperture, i.e. it may seal the valve aperture, in any suit-
able and desired way. In a preferred embodiment the
valve member comprises an end cap, e.g. lying substan-
tially in a plane perpendicular to the axis of the valve
member, e.g. and parallel to the plane of the valve aper-
ture, that is arranged to open and close the valve aper-
ture, e.g. seal against the valve aperture when closed.
Thus in a particularly preferred embodiment the valve
member comprises a sheath and an (e.g. disc-shaped)
end cap at the end of the sheath (at the end proximal to
the valve aperture), wherein the end cap lies substantially
in a plane perpendicular to the direction in which the
sheath extends.
[0040] Preferably the (e.g. end cap of the) valve mem-
ber is arranged to seal (when the valve member closes
the valve aperture) against the downstream side of the
valve aperture, preferably against the downstream pla-
nar face of the (e.g. housing that defines the) valve ap-
erture.
[0041] The end cap of the valve member may be flat
but preferably the end cap comprises a planar outer por-
tion (e.g. in a plane perpendicular to the axis of the valve
member, e.g. and parallel to the plane of the valve aper-
ture) that is arranged to seal against, e.g. flush with, the
(e.g. planar) downstream side (face) of the valve aperture
when the valve member closes the valve aperture and a
central portion that projects from the planar outer portion
(e.g. in a direction towards to the valve aperture) and
which protrudes at least partially through the valve aper-
ture when the valve member closes the valve aperture.
Preferably the central portion has a planar face (e.g. in
a plane perpendicular to the axis of the valve member,
e.g. and parallel to the plane of the valve aperture).
[0042] This stepped arrangement of the end face of
the valve member helps to provide an effective seal with
the valve aperture when it is closed. It also helps to reduce
the contact force between the end face of the valve mem-
ber and the valve member such that the valve member
is easily lifted off the valve aperture (when the differential
pressure allows), i.e. it does not become stuck owing to
suction. Preferably the planar outer portion and/or pref-
erably the central portion are shaped such that they en-
gage with and seal against the shape of the valve aper-
ture. Thus preferably the planar outer portion is a planar
outer annulus and/or preferably the central portion is cir-
cular, e.g. to engage with and seal against the preferred
shape of the valve aperture. Preferably the projecting
central portion has a cross sectional area, and e.g. a
diameter, that is (e.g. slightly) smaller than the cross sec-

tional area of the valve aperture. Preferably the edges of
the projecting central portion are rounded. This may help
the valve member to engage smoothly with the valve ap-
erture and to provide an aerodynamic flow path through
the valve aperture and past the valve member.
[0043] The control volume may be defined between
the cylindrical mounting member and the valve member
in any suitable and desired way. The cylindrical mounting
member may be solid, such that the control volume is
bounded by the end of the cylindrical mounting member
and the (inner) end of the valve member, e.g. the (inner
surface of the) end cap. However, in a preferred embod-
iment the cylindrical mounting member comprises a cen-
tral bore that forms at least part of the control volume.
Preferably the central bore is cylindrical, e.g. coaxial with
the cylindrical mounting member and, e.g., having a cir-
cular cross section. Thus preferably the cylindrical
mounting member comprises a cylindrical annulus.
[0044] Providing a hollow cylindrical mounting mem-
ber, i.e. with a central bore as at least part of the control
volume (in addition to the part of the control volume be-
tween the end of the cylindrical mounting member and
the (inner) end of the valve member), helps to maximise
the volume of the control volume (and thus increases the
control on the valve member) and also helps to provide
a control volume even when the valve member is fully
open, e.g. such that the end cap of the valve member is
abutting the end of the cylindrical mounting member.
[0045] In a preferred embodiment the cylindrical
mounting member and the valve aperture define only a
single control volume, e.g. preferably the device has only
a single control volume. This helps to simplify the design
of the device.
[0046] Preferably the (e.g. maximum) cross sectional
area of the control volume (e.g. in a plane perpendicular
to the axis of the device) that acts on the (inner surface
of the) end cap of the valve member is greater than the
(e.g. minimum) cross sectional area of the valve aperture
(e.g. in a plane perpendicular to the axis of the device).
This helps to increase the control of the valve member
from the control pressure in the, e.g. single, control vol-
ume. Preferably the cross sectional area of the control
volume has its maximum between the end of the cylin-
drical mounting member and the end cap of the valve
member, e.g. rather than within the bore of the cylindrical
mounting member, and preferably at the (inner) face of
the end cap of the valve member.
[0047] When the cylindrical mounting member com-
prises a central bore, preferably the device comprises a
biasing member, e.g. a (e.g. helical) spring, arranged in
the bore within the cylindrical mounting member and ar-
ranged to bias the valve member towards the valve ap-
erture. The central bore of the cylindrical mounting mem-
ber provides a convenient location with a relatively large
unobstructed volume into which the biasing member may
be located. Thus, in this embodiment, the valve member
is acted on by the pressure of the upstream side, the
control pressure and the force of the biasing member so
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as to be moved by the resultant force on the valve mem-
ber. This may help to reduce instability of the device
which causes oscillation of the downstream pressure for
a fixed control pressure. In use the biasing member may
be arranged to prevent or reduce rebound and/or oscil-
lation of the valve member.
[0048] Preferably the biasing member (e.g. a spring)
acts on a side of the valve member opposite to the valve
aperture. This may enable the biasing member to exert
a force on the valve member that opposes the force of
the inlet pressure through the valve aperture.
[0049] The arrangement for introducing a control pres-
sure into the control volume may comprise any suitable
and desired arrangement for introducing the control pres-
sure into the control volume (thus preferably the arrange-
ment is in fluid communication with the control volume).
In one set of embodiments the control pressure compris-
es a fluid pressure, e.g. a gas pressure. The arrangement
could introduce a fixed control pressure into the control
volume. However, in a preferred embodiment the ar-
rangement comprises an arrangement for introducing
and controlling a control pressure in the control volume.
In this embodiment the control arrangement may com-
prise any conventional pressure regulating device, e.g.
a pilot pressure regulator or a solenoid valve.
[0050] The control arrangement, e.g. the pilot pressure
regulator, may be provided externally or internally to the
conduit in which the device is placed and is preferably
provided external to the main components (i.e. the cylin-
drical mounting member, the valve member and the valve
aperture) of the device. Providing a control arrangement,
e.g. a pilot pressure regulator, internally within the con-
duit allows the whole device to be housed within a conduit
with no external protrusions, which will be appreciated
to be of great advantage in a complex pipework system
in which space is at a premium, and allows the device to
be retrofitted easily into an existing system, e.g. within
existing pipework or at a flanged interface. Providing a
control arrangement, e.g. a pilot pressure regulator, ex-
ternal to the conduit allows easy access to the control
arrangement.
[0051] In a preferred embodiment the arrangement in-
troduces the control pressure through the cylindrical
mounting member and into the control volume. When the
cylindrical mounting member is attached to, e.g. integral-
ly formed with, a flange, preferably the control pressure
is introduced into the control volume through the flange.
Thus preferably the flange comprises a duct (between
the arrangement and the control volume) in fluid commu-
nication with the arrangement and with the control vol-
ume, wherein the arrangement introduces the control
pressure into the control volume through the duct. Also
preferably, the (e.g. control) arrangement is attached to
the flange, e.g. external to the conduit.
[0052] The control pressure set by the (e.g. control)
arrangement, e.g. the pilot pressure regulator, may be
derived from an external secondary source, e.g. an air
supply which is controlled using a valve, tap, knob, etc.,

or even remotely, or the control pressure may be regu-
lated directly from the pressure upstream and/or down-
stream from the device, e.g. via the control arrangement,
e.g. the pilot pressure regulator.
[0053] The former alternative (using a secondary
source to determine the pressure set by the control pres-
sure control means, e.g. a pressure regulator) is useful
when a predetermined value for the downstream pres-
sure is required, i.e. the secondary source can be set to
deliver the desired control pressure to the control volume.
The latter alternative (determining the pressure set by
reference to the upstream pressure) is useful when the
downstream pressure is required to vary in accordance
with variations in the upstream pressure, e.g. to set a
predetermined pressure drop or predetermined ratio be-
tween the upstream and downstream pressures. For ex-
ample, if the input pressure varies between 20 bar and
40 bar, and the pressure control arrangement, e.g. the
pilot pressure regulator, is arranged to deliver a control
pressure which is half of the upstream pressure, in order
to enable the device to control the downstream pressure
to be half of the upstream pressure; if the upstream pres-
sure is 20 bar, the control pressure is set at 10 bar, and
if the upstream pressure is 40 bar, the control pressure
is set at 20 bar.
[0054] In one embodiment the control arrangement is
in fluid communication with the downstream side of the
device and arranged to set the control pressure depend-
ent on the downstream pressure. This configuration may
be used when it is desired to maintain the downstream
pressure.
[0055] In another embodiment the control arrange-
ment is in fluid communication with the upstream side of
the device and arranged to set the control pressure de-
pendent on the upstream pressure. In a further embod-
iment the control arrangement is in fluid communication
with the upstream and downstream sides of the device
and arranged to set the control pressure dependent on
the upstream and/or downstream pressure, e.g. includ-
ing dependent on the pressure difference between the
upstream and downstream sides of the device.
[0056] When the control arrangement is arranged to
set the control pressure dependent on the upstream
and/or downstream pressure within the conduit, the con-
trol arrangement may be configured to be in fluid com-
munication with the upstream and/or downstream pres-
sure respectively in any suitable and desired way. In a
preferred embodiment the device, e.g. the flange or the
housing, comprises a duct therethrough, wherein the
control arrangement senses the upstream and/or down-
stream pressure via the duct. Thus preferably the duct
is in fluid communication with the control arrangement
and the upstream and/or downstream side of the device
as appropriate.
[0057] In a particularly preferred embodiment the con-
trol arrangement comprises a flow path, e.g. through the
duct, from the upstream side of the device to the down-
stream side of the device, e.g. that bypasses the (main
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flow path through the) valve aperture. Preferably the,
e.g., pilot pressure regulator controls the flow through
the flow path so to set the control pressure. Preferably
the control pressure is set, e.g. by the pilot pressure reg-
ulator, from a branch off the flow path through the control
arrangement (and, as discussed, may be dependent up-
on one or both of the upstream and downstream pres-
sures).
[0058] In one embodiment the control arrangement is
arranged to create a pressure drop therethrough, e.g. in
the flow path through the control arrangement. The pres-
sure drop (e.g. dependent on the rate of fluid flow through
the flow path in the control arrangement) preferably al-
lows the control pressure to be set dependent on pres-
sure drop. For example, a greater pressure drop when
there is greater flow through the flow path may cause the
control pressure to be lower than the upstream pressure
(which thus causes the valve member to open the valve
aperture), e.g. the pressure differential between the con-
trol and the upstream pressures preferably depends on
the pressure drop.
[0059] The pressure drop through the control arrange-
ment may be achieved in any suitable and desired way,
e.g. in a pilot pressure regulator itself. In a preferred em-
bodiment the duct (through which the upstream or down-
stream pressure is sensed by the control arrangement)
and/or the flow path through the control arrangement it-
self comprises a reduced cross sectional area (compared
to another portion of the duct or flow path), e.g. a venturi
or an orifice, that is arranged to induce a pressure drop.
[0060] In a particularly preferred embodiment the pres-
sure drop is in the flow path through the control arrange-
ment upstream of the pilot pressure regulator. Preferably
the branch off the flow path to set the control pressure
also comprises a pressure drop. This may help to limit
the flow rate in and out of the control volume and thus
help to regulate the changes in the control pressure, e.g.
owing to changes in the upstream and/or downstream
pressures, such that the rate of the valve member open-
ing and closing may be controlled.
[0061] The seal, arranged between the outer surface
of the cylindrical mounting member and the inner surface
of the valve member, may be arranged to substantially
seal the control volume in any suitable and desired way.
Preferably the control volume is substantially sealed from
the upstream and downstream sides (and thus pres-
sures) of the device (and the conduit), and is thus pref-
erably only in fluid communication with the control ar-
rangement to introduce the control pressure into the con-
trol volume. This helps to isolate the control pressure
from the upstream and/or downstream pressures.
[0062] In a preferred embodiment the seal is resiliently
biased, e.g. between the between the outer surface of
the cylindrical mounting member and the inner surface
of the valve member. Resiliently biasing the seal may
help to prevent fluid communication between the control
volume and the upstream and downstream sides of the
device, and may also help to prevent pressure loss from

the control pressure in the control volume. Thus the (e.g.
resiliently biased) seal may allow only a very small
amount of fluid leakage therethrough, e.g. into or out of
the control volume. However in a preferred embodiment
the seal is arranged to allow no leakage therethrough.
[0063] However in some embodiments it may be de-
sired for the control pressure not to be completely isolated
from the upstream and downstream pressures, e.g. the
control volume may not be completely sealed. In one
embodiment the control volume comprises an orifice ar-
ranged in fluid communication with the upstream side of
the device. In a preferred embodiment the (e.g. end cap
of the) valve member comprises an orifice in fluid com-
munication with the upstream side of the device. The
orifice preferably introduces the pressure drop through
the control arrangement, e.g. performs this function in-
stead of the pressure drop in the duct through which the
control arrangement is in fluid communication with the
upstream side of the conduit. Thus in this embodiment,
preferably the flow path through the control arrangement
is via (i.e. the flow path includes) the control volume.
[0064] The device may have only a single seal ar-
ranged between the outer surface of the cylindrical
mounting member and the inner surface of the valve
member. However in a preferred embodiment the device
comprises a plurality of seals (e.g. two seals) arranged
(e.g. parallel to each other) between the outer surface of
the cylindrical mounting member and the inner surface
of the valve member. Having more than one seal provides
some redundancy in the case that one of the seals may
fail. It will be appreciated that the preferred and optional
features described herein for a single seal apply equally
to multiple seals.
[0065] Preferably the seal is arranged around the outer
perimeter, e.g. circumference, of the cylindrical mounting
member, e.g. in a plane perpendicular to the axis of the
cylindrical mounting member and, e.g. the axis of the
device. Thus preferably the seal comprises an annular
seal. Thus also preferably the seal is arranged on the
inner perimeter, e.g. circumference, of the valve member.
[0066] The seal may be arranged with respect to the
cylindrical mounting member and the valve member in
any suitable and desired way. In a preferred embodiment
the cylindrical mounting member comprises a (e.g. an-
nular) groove in the outer surface of the cylindrical mount-
ing member, e.g. extending around the perimeter of the
cylindrical mounting member, wherein the seal is ar-
ranged (e.g. press fitted) in the groove. Thus preferably
the seal is substantially flush with the outer surface of
the cylindrical mounting member, protruding only slightly
from the outer surface to form a seal with the valve mem-
ber. Thus preferably the seal does not affect the align-
ment of the valve member, e.g. relative to the cylindrical
mounting member and/or the valve aperture.
[0067] It will be appreciated that in preferred embodi-
ments the seal extends around the full outer perimeter,
e.g. circumference, of the cylindrical mounting member.
Thus preferably the valve member extends the full outer
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perimeter, e.g. circumference, of the cylindrical mounting
member. As described above, preferably the valve mem-
ber comprises a sheath arranged (e.g. to move recipro-
cally) coaxially around the cylindrical mounting member.
[0068] It will thus also be appreciated that owing to the
sheathed configuration of the valve member, e.g. relative
to the principal direction of the fluid flow (e.g. such that
preferably the valve member is arranged on the upstream
side of the cylindrical mounting member), preferably the
seal does not become contaminated by the fluid.
[0069] The seal may be made from any suitable and
desired material. In one embodiment the seal comprises
an elastomer, e.g. nitrile, seal. In one embodiment the
seal comprises polytetrafluoroethylene (PTFE) or poly-
urethane. In another embodiment the seal comprises a
metal Such materials may help to allow the valve member
(and/or cylindrical mounting member) to slide over the
seal with a relatively low coefficient of friction and are
compliant for positioning the seal in the groove (when
the seal is located in a groove).
[0070] The seal may comprise any suitable and de-
sired configuration. In one embodiment the seal compris-
es an O-ring. In another embodiment the seal comprises
a U-ring.
[0071] The valve member may be acted on by the pres-
sure of the upstream side and the control pressure in any
suitable and desired way so as to be moved by the dif-
ference between these pressures. In a preferred embod-
iment the (e.g. end cap of the) valve member is exposed
(e.g. directly) to the upstream pressure, e.g. through the
valve aperture. The valve member may be acted on solely
by the pressure of the upstream side and the control pres-
sure so as to be moved solely by the difference between
these pressures. However, as discussed above, in some
embodiments the device comprises a biasing member
arranged to bias the valve member towards the valve
aperture. Thus, in these embodiments, the valve member
is acted on by the pressure of the upstream side, the
control pressure and the force of the biasing member so
as to be moved by the resultant force (of the pressure of
the upstream side, the control pressure and the force of
the biasing member) on the valve member.
[0072] The device (and the components thereof) may
be made from any suitable and desired material, e.g.
depending on its intended use. In one embodiment the
cylindrical mounting member, the valve member and the
valve aperture (and, e.g., the housing) are made of plas-
tic, e.g. polyoxymethylene (acetal). Such materials are
relatively inexpensive and easy to work with. Plastic com-
ponents are particularly suitable when the device is used
to control the flow of water through a conduit.
[0073] In another embodiment the cylindrical mounting
member, the valve member and the valve aperture (and,
e.g., the housing) are made of metal, e.g. stainless steel.
This provides a stronger (than plastic) device which may
therefore be suitable for controlling larger fluid flows
and/or controlling greater pressures. Metal components
are particularly suitable when the device is used to control

the flow of oil or gas through a conduit.
[0074] When the main components are made from
metal, preferably the valve member comprises a plastic
(e.g. polytetrafluoroethylene (PTFE)) seal that is ar-
ranged to engage with the valve aperture when the valve
aperture is closed. This seal helps to provide compliance
with the valve aperture and thus help to provide a tight
seal of the valve member against the valve aperture when
it is fully closed. Preferably the plastic seal is arranged
in a recess in the end cap of the valve member. Preferably
the plastic seal is held in place by a (e.g. metal) plate
attached (e.g. screwed) to the end cap (e.g. on the side
proximal to the valve aperture). Preferably the plate is
arranged to project through the valve aperture so that
the seal engages with the valve aperture when the valve
aperture is closed.
[0075] The device (and the components thereof) may
be manufactured in any suitable and desired way, e.g.
from plastic or metal. In a preferred embodiment the cy-
lindrical mounting member, the valve member and the
valve aperture (and, e.g., the housing) are machined,
e.g. from solid pieces of, e.g. plastic or metal. Machining
the parts, e.g. as opposed to casting them, is advanta-
geous as it helps to manufacture the components pre-
cisely, so that they are aligned within a suitable and de-
sired tolerance. It also avoids the need to have stock of,
to ship in or to make castings, all of which are expensive.
Furthermore, it is difficult to manufacture precision com-
ponents, e.g. to ensure they are aligned, when casting.
[0076] It will thus be appreciated that in preferred em-
bodiments, two machined parts (the valve member and
the valve aperture) interact directly to provide the seal
when the device is closed, which thus helps to provide
an effective seal. Furthermore, providing a machined cy-
lindrical mounting member and valve member (and pref-
erably also a machined valve aperture), helps to provide
precise alignment for the valve member with the aperture
when the valve member closes and seals the valve ap-
erture.
[0077] In a preferred embodiment (e.g. each of) the
machined parts of the device are machined from a solid
block that requires no undercutting, i.e. preferably each
of the parts is shaped such that when they are being
machined on an internal surface there is always a line of
sight clear such that the machining tool only ever moves
inwards and not back outwards from the internal surface.
[0078] The device may be any suitable size and mass
e.g. depending on the application of the device and the
material from which it is made. For example, the diameter
of the device, e.g. of the housing, may be between 100
mm and 400 mm; the length of the device, e.g. of the
housing and the flange, may be between 90 mm and 350
mm; the diameter of the valve member may be between
30 mm and 240 mm; and the total mass of the device
may be between 0.8 kg and 35 kg (when made from
plastic, e.g. acetal) or between 4 kg and 200 kg (when
made from metal, e.g. stainless steel).
[0079] In a preferred embodiment the diameter of the
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device, e.g. of the housing, is approximately 160 mm;
the length of the device, e.g. of the housing and the
flange, is approximately 130 mm; the diameter of the
valve member is approximately 35 mm and the cylindrical
mounting member, the valve member and the valve ap-
erture (e.g. the whole device) have a total mass of less
than 5 kg, e.g. approximately 2.5 kg (when made from
plastic, e.g. acetal) or less than 25 kg, e.g. approximately
14 kg (when made from metal, e.g. stainless steel). It will
be appreciated that this is significantly less than the con-
ventional pressure regulators described above.
[0080] Devices in accordance with the present inven-
tion are suitable for almost any mass flow rate and pres-
sure from very low to very high, e.g. from the order of Pa
to MPa. This large range of pressures can be accommo-
dated because the control of the device simply depends
on the control-upstream pressure differential which acts
on the valve member. This control also enables embod-
iments of the device to adjust the mass flow rate or the
pressure drop by a large range, e.g. the ratio of the max-
imum to the minimum pressure ratio across the device
is very large. Therefore the device is suitable for many
different uses and applications. With conventional devic-
es it was not previously possible to deliver high mass
flow rates through a pressure regulator without computer
control, but embodiments of the invention enable this.
Similarly, devices in accordance with the invention are
scalable to any size, e.g. for fitting into pipe diameters of
a few millimetres to ones of several metres.
[0081] As will be appreciated devices in accordance
with the present invention are suitable for many different
applications when pressure regulation of a fluid flow is
needed including, but not limited to, clean or shop air in
industrial applications, process fluids in an industrial
plant, transmission pipelines to transport fluids such as
water, oil and gas, mixtures of transport fluids, e.g. par-
tially mixed oil and water mixtures, plant heating system
applications, etc.
[0082] Certain preferred embodiments of the invention
will now be described, by way of example only, with ref-
erence to the accompanying drawings in which:

Figure 1 shows a cross sectional view of a device,
along with a schematic of a control loop, in accord-
ance with an embodiment of the invention;
Figure 2 shows two isometric views of the device
shown in Figure 1;
Figure 3 shows a cross sectional view of a device in
accordance with another embodiment of the inven-
tion;
Figure 4 shows a cross sectional view of a valve
member for use with a device in accordance with
another embodiment of the invention; and
Figure 5 shows an internal view of a device in ac-
cordance with another embodiment of the invention.

[0083] There are many different industrial situations in
which there is a desire to regulate the pressure in a fluid

flow stream through a pipe or conduit. In such systems
there is an input pressure that may be constant or fluc-
tuating in time and which it is desired to control to a lower
target output pressure, which also can be constant or
fluctuating. As will now be described, embodiments of
the present invention provide devices that are able to
provide this control for the fluid flow.
[0084] Figure 1 shows a cross sectional view of a de-
vice 22, along with a schematic of a control loop 23, in
accordance with an embodiment of the invention. Figure
2 shows isometric views of the device 22 shown in Figure
1.
[0085] In Figure 1 the fluid flow is from right to left
through an upstream side 4 of the conduit, through the
device 22 and into a downstream side 6 of the conduit
1. The device 22 is mounted in the conduit 1 at a flange
5 between the upstream and downstream sides 4, 6,
where it is clamped in place by means of a flange bolt
circle 3.
[0086] The device 22 comprises three main compo-
nents: a cylindrical mounting member 24, a valve mem-
ber 26 and a housing 28 that defines a valve aperture
30. Each of these components is machined from a re-
spective solid piece of acetal. The cylindrical mounting
member 24 is integrally formed, and projects perpendic-
ularly from, a flange 32 that is used to mount the device
22 in the conduit. The housing 28 is attached to and
sealed against the flange 32 by means of a number of
bolts 29. The housing 28 and the flange 32 are machined
and attached to each other so that the valve member 26
is precisely aligned with the valve aperture 30.
[0087] The device 22 is clamped between the up-
stream and downstream sections of the conduit 1 by
means of a flange bolt circle 3, with flanges 5 on the
upstream and downstream sections of the conduit 1 en-
gaging against the flange 32 of the device 22 on the down-
stream side and the housing 28 on the upstream side.
[0088] As can be seen more clearly in Figure 2, aper-
tures 31 in the flange 32 allow a flow path for fluid from
the inside of the housing 28 and into the downstream
side 6 of the conduit 1.
[0089] The valve member 26, which has a cylindrical
sheath portion 33 and an end cap 42, is mounted on the
outside of the cylindrical mounting member 24 such that
it is able to move reciprocally along the outer surface of
the cylindrical mounting member 24. The valve member
26 can thus move between a position in which the end
cap 42 is sealed against the inner face of the housing 28
to fully close the valve aperture 30, and a position in which
the inner (though the spring force exerted by the spring
40 may be arranged to prevent this). The end cap 42 of
the valve member 26 has a stepped outer face with a
central portion 43 that is arranged to project through the
valve aperture 30 when fully closed and an planar outer
annulus 45 that is arranged to engage with and seal
against the inner face of the housing 28 when the valve
aperture 30 is fully closed.
[0090] An annular seal 34 is positioned in a groove 36
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in the outer surface of the cylindrical mounting member
24 so that it provides a seal between the outer surface
of the cylindrical mounting member 24 and the inner sur-
face of the valve member 26.
[0091] The cylindrical mounting member 24 has a hol-
low central bore 38 in which a helical spring 40 is located.
The spring 40 is positioned between the end of the central
bore 38 against the flange 32 and the end cap 42 of the
valve member 26. Between them, the valve member 26
(i.e. its cylindrical sheath portion 33 and end cap 42) and
the cylindrical mounting member 24 (with its hollow cen-
tral bore 38) define a control volume 44, which is sealed
by the annular seal 34. The control volume 44 has a cen-
tral portion within the hollow central bore 38 of the cylin-
drical mounting member 24 and a portion with a greater
cross sectional area adjacent the end cap 42 of the valve
member 26, i.e. beyond the end of the cylindrical mount-
ing member 24.
[0092] A duct 46 that is drilled through the flange 32
provides fluid communication between the control vol-
ume 44 and a pilot pressure regulator 8 to allow the pilot
regulator 8 to introduce, i.e. to set, a control pressure in
the control volume 44. A second duct 48 that is drilled
through the housing 28 provides the pilot pressure reg-
ulator 8 with fluid communication with the upstream side
4 of the conduit 1 and a third duct 49 that is drilled through
the flange 32 (though for the purposes of clarity this is
shown schematically in Figure 1 as entering directly into
the downstream side 6 of the conduit 1) provides pilot
pressure regulator 8 with fluid communication with the
downstream side 6 of the conduit 1, so that the pilot pres-
sure regulator 8 can use the upstream and downstream
pressures to set the control pressure in the control vol-
ume 44, as will be described.
[0093] As shown schematically in Figure 1, the pilot
pressure regulator 8 is arranged in a control loop 23 on
the outside of the conduit 1 and is arranged to deliver a
control pressure P4 to the device 22 via the duct 46 into
the control volume 44. The pilot pressure regulator 8 is
also in fluid communication with the upstream pressure
P1 on the upstream side 4 of the conduit 1 via the duct
48 through the housing 28, and in fluid communication
with the pressure P2 on the downstream side 6 of the
conduit 1 via the duct 49 through the flange 32. This pro-
vides a fluid flow path through the control loop 23 that
bypasses the valve aperture 30 of the device 22. The
pilot pressure regulator 8 is positioned in this fluid flow
path of the control loop 23, with the duct 46 into the control
volume 44 branching off upstream of the pilot pressure
regulator 8.
[0094] The control loop 23 also includes a first orifice
50 that provides a restriction in the duct 48 between the
upstream side 4 of the conduit 1 and the pilot pressure
regulator 8 (such that the pressure in the control loop 23
downstream of the first orifice 50 is P3), and a second
orifice 52 that provides a restriction in the duct 46 be-
tween the control volume 44 and the pilot pressure reg-
ulator 8.

[0095] Operation of the device 22 will now be described
with reference to Figures 1 and 2. In this example, the
pilot pressure regulator 8 is set dependent on the pres-
sure P2 in the downstream side 6 of the conduit 1 (though
it will be appreciated that other arrangements are possi-
ble). With no flow of fluid through the conduit 1 or the
device 22, i.e. a low upstream and downstream pressure
in the conduit 1, the control pressure in the control volume
44 and the spring force of the spring 40 act on the end
cap 42 of the valve member 26 to bias the valve member
26 into a position in which the end cap 42 is sealed against
the inner face of the housing 28 to fully close the valve
aperture 30.
[0096] When fluid flow commences in the conduit 1,
the fluid will flow in the upstream side 4 of the conduit 1
and exert a force against the end cap 42 of the valve
member 26 owing to the pressure P1 in the upstream
side 4 of the conduit 1. The upstream pressure P1 will
also create a flow of fluid through the control loop 42,
such that the flow through the first orifice 50 creates a
pressure drop across it, i.e. P1-P3. This pressure drop
causes the pressure P4 in the control volume 44 to be
lower than the pressure P1 in the upstream side 4 of the
conduit 1, which causes the valve member 26 to be
pushed back from and to open the valve aperture 30,
allowing flow of the fluid through the valve aperture 30,
through the device 22 and into the downstream side 6 of
the conduit 1 via the apertures 31 in the flange 32.
[0097] While the upstream pressure maintains such a
value, the valve member 26 will keep the valve aperture
30 at least partially open and thus allow fluid to flow
through the device. When the upstream pressure P1 in-
creases the effect will be two-fold. First, the increased
upstream pressure will act on the end cap 42 of the valve
member 26 to push it back against the control pressure
in the control volume 40 and thus open the valve aperture
30 further. However, simultaneously, owing to the flow
through the device, the downstream pressure P2 will also
increase. This increase in the downstream pressure P2,
which is used to set the pilot pressure regulator 8, causes
the pilot pressure regulator 8 to close and thus to de-
crease the fluid flow through (and increase the pressure
P3 in) the control loop 23. This causes the pressure drop
across the first orifice 50 to be smaller, which will accord-
ingly set a higher control pressure P4 (relative to the up-
stream pressure P1) in the control volume 44. This in-
creased control pressure P4 will thus balance against the
increased upstream pressure such that the valve mem-
ber 26 settles (i.e. closes) to a position where it is pres-
sure balanced. This will thus act to regulate the upstream
pressure that is experienced in the downstream side 6
of the conduit 1.
[0098] (The action of the second orifice 52 is to limit
the flow rate in and out of the control volume 44 to thus
regulate the change in the control pressure P4, so that
the rate of the valve member 26 opening and closing may
be controlled.)
[0099] It will thus be appreciated that the that in this
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way the device acts to regulate the pressure in the down-
stream side 6 of the conduit 1, owing to the fact that the
valve member 26 moves under a pressure difference until
it settles to a position where it is pressure balanced.
[0100] Figure 3 shows a cross sectional view of a de-
vice 122 in accordance with another embodiment of the
invention. The device 122 shown in Figure 4 is almost
identical to the device shown in Figures 1 and 2, except
that the end cap 142 of the valve member 126 contains
a small orifice 147 in its centre, which replaces the first
orifice 50 and the duct 48 in the device 22 of Figures 1
and 2, and forms part of a control loop 123 with the pilot
pressure regulator 108, i.e. the orifice 147 in the end cap
142 allows a small amount of fluid flow directly into the
control volume 144. Furthermore, the control loop 123 of
the device 122 in Figure 3 does not include a second
orifice between the pilot pressure regulator 108 and the
control volume 144.
[0101] Operation of the device 122 shown in Figure 3
is almost identical to that described for Figures 1 and 2,
except that the pressure P7 in the control volume 144
depends on the pressure drop across the orifice 147 in
the end cap 142 (which depends on the upstream pres-
sure P5) and the action of the pilot pressure regulator
108 (which depends on the downstream pressure P6).
Thus, in the same manner to the operation of the device
shown in Figures 1 and 2, when the downstream pressure
P6 is low (compared to the upstream pressure P5), the
valve member 126 will open, allowing more flow through
the valve aperture 130 from the upstream side 104 of the
conduit 101 into the downstream side 106 of conduit 101.
[0102] This results in an increased downstream pres-
sure P6, causing the pilot pressure regulator 108 to close,
increasing the control pressure P7, such that the valve
member 126 acts to close the valve aperture 130 and to
restrict the fluid flow therethrough, thus regulating the
downstream pressure P6.
[0103] Figure 4 shows a cross sectional view of a valve
member 226 for use with a device in accordance with
another embodiment of the invention. In this embodi-
ment, the device has a very similar design to that shown
in Figures 1, 2 and 3, except that its main components
are made from stainless steel rather than acetal. Thus in
this embodiment the valve member 226 is substantially
made from stainless steel.
[0104] In order to provide a compliant and thus effec-
tive seal against the valve aperture, the valve member
226 in Figure 4 comprises an annular PTFE seal 250
arranged in a recess 252 in the end cap 242 of the valve
member 226. In order to secure the seal 250 in place, a
stainless steel plate 254 is attached to the end cap 242,
by means of screws 256 on the side proximal to the valve
aperture. The plate 254 is arranged to project through
the valve aperture so that the seal 250 engages with the
valve aperture when the valve aperture is closed.
[0105] Operation of the device having the valve mem-
ber 226 shown in Figure 4 is almost identical to that de-
scribed for Figures 1 to 3.

[0106] It will be appreciated that the embodiment of
the valve member 226 shown in Figure 4 can equally well
used in the devices shown in Figures 1, 2 and 3.
[0107] Figure 5 shows an internal view of a device 301
in accordance with another embodiment of the invention.
In this embodiment the device 301 is arranged in a con-
ventional cast body 302 which, by means of two flanges
304, is able to be connected to upstream and down-
stream sections of a conduit.
[0108] In Figure 5 the fluid flow is from left to right
through an upstream side 306 of the conduit, through the
device 302 and into a downstream side 308 of the cast
body 302. As in the embodiments shown in Figures 1-4,
the device 301 shown in Figure 5 comprises three main
components: a cylindrical mounting member 310, a valve
member 312 and a valve aperture 314. The cylindrical
mounting member 310 projects perpendicularly from a
flange 316 that is used to mount the device 302 in the
cast body 302. At the other end of the device, the valve
aperture 314 is defined by an annulus that is held be-
tween the two sides of the cast body 302.
[0109] Operation of the device 301 shown in Figure 5
is very similar to the operation of the embodiments of the
device shown in Figures 1-4, except that when the fluid
has passed through the valve aperture 314, the flow exits
perpendicularly to the cylindrical axis of the device 301
into the downstream side 308 of the cast body 302.
[0110] It can be seen from the above that in at least
preferred embodiments of the invention, the device pro-
vides control for the fluid flow through a conduit with a
particularly simple design, having only three basic com-
ponents and only a single moving part. This simplicity
helps to provide a robust and reliable device, which may
be manufactured inexpensively and compactly, e.g. com-
pared to the complicated, expensive and bulky prior art
pressure regulators. Also, with only three main compo-
nents, the valve member and valve aperture, particularly
when the valve aperture is defined in a housing, may be
aligned precisely. Having a single valve aperture reduces
the risk of blockages and sealing the control volume on
the inside of the valve member (and thus the outside of
the cylindrical mounting member) maximises the control
volume and thus the control of the device.
[0111] It will be appreciated by those skilled in the art
that many variations and modifications to the embodi-
ments described above may be made within the scope
of the various aspects and embodiments of the invention
set out herein. For example, the control pressure may be
set dependent on the upstream pressure or by a device
other than the pilot pressure regulator, e.g. to deliver a
fixed control pressure.

Claims

1. A device (22) for controlling the flow of a fluid through
a conduit (1) from an upstream side (4) of the device
to a downstream side (6) of the device, the device
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comprising:

a valve aperture (30);
a cylindrical mounting member (24) arranged on
the downstream side of the valve aperture;
a valve member (26) movably mounted on the
outside of the cylindrical mounting member and
arranged to move reciprocally to selectively
open and close the valve aperture, thereby con-
trolling flow of the fluid through the valve aper-
ture;
a control volume (44) defined between the cy-
lindrical mounting member and the valve mem-
ber; and
an arrangement (8, 23, 46, 48, 49, 50, 52) for
introducing a control pressure (P4) into the con-
trol volume;
a seal arranged between the outer surface of
the cylindrical mounting member and the inner
surface of the valve member for substantially
sealing the control volume;
wherein the valve member is acted on by the
pressure of the upstream side and the control
pressure so as to be moved by the difference
between these pressures.

2. A device as claimed in claim 1, wherein the cylindrical
mounting member, the valve member and the valve
aperture are arranged coaxially with respect to each
other about an axis that extends in a direction col-
linearly with the general direction of fluid flow through
the valve aperture, optionally wherein the axis of the
device is parallel to the axis of the conduit in which
the device is arranged.

3. A device as claimed in claim 1 or 2, wherein the de-
vice comprises a housing (28), wherein the housing
comprises a wall in which the valve aperture is de-
fined, optionally wherein the housing is attached to
the cylindrical mounting member.

4. A device as claimed in any one of the preceding
claims, wherein the device comprises a flange (32)
for mounting the device within the conduit, wherein
the cylindrical mounting member is attached to the
flange.

5. A device as claimed in claim 4, wherein the device
comprises a housing (28) attached to the cylindrical
mounting member via the flange, wherein the hous-
ing comprises a wall in which the valve aperture is
defined, and/or wherein the flange comprises one or
more apertures (31) to allow fluid to flow through the
flange and into the downstream side of the conduit.

6. A device as claimed in any one of the preceding
claims, wherein the valve member is arranged to
move in a direction perpendicular to the plane of the

valve aperture.

7. A device as claimed in any one of the preceding
claims, wherein the valve member comprises an end
cap (42) lying substantially in a plane parallel to the
plane of the valve aperture, wherein the end cap is
arranged to open and close the valve aperture.

8. A device as claimed in any one of the preceding
claims, wherein the cylindrical mounting member
comprises a central bore (38) that forms at least part
of the control volume.

9. A device as claimed in claim 8, wherein the device
comprises a biasing member (40) arranged in the
bore within the cylindrical mounting member and ar-
ranged to bias the valve member towards the valve
aperture.

10. A device as claimed in any one of the preceding
claims, wherein a cross sectional area of the control
volume that acts on the valve member is greater than
the cross sectional area of the valve aperture.

11. A device as claimed in any one of the preceding
claims, wherein the device comprises a control ar-
rangement (8) for introducing and controlling a con-
trol pressure in the control volume optionally, where-
in the control arrangement is in fluid communication
with the upstream side of the device and arranged
to set the control pressure dependent on the up-
stream pressure (Pi).

12. A device as claimed in any one of the preceding
claims, wherein the arrangement introduces the con-
trol pressure through the cylindrical mounting mem-
ber and into the control volume.

13. A device as claimed in any one of the preceding
claims, wherein the cylindrical mounting member
comprises a groove (36) in the outer surface of the
cylindrical mounting member, extending around the
perimeter of the cylindrical mounting member,
wherein the seal is arranged in the groove.

14. A device as claimed in any one of the preceding
claims, wherein the seal is resiliently biased between
the outer surface of the cylindrical mounting member
and the inner surface of the valve member.

15. A device as claimed in any one of the preceding
claims, wherein the valve member is both sealed on
and guided by the outer surface of the cylindrical
mounting member.
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