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Figure 2

(57) Abstract: A fluid conduit assembly (20) comprises: « first and second fluid conduits (22,24); « a coupling including first and second
coupling sections (26,28), each coupling section (26,28) defining a respective hollow bore along which flowable material may flow,
the first coupling section (26) in fluid connection with the first fluid conduit (22), the second coupling section (28) in fluid connection
with the second fluid conduit (24), the coupling sections (26,28) configured to be releasably coupled to each other; and « at least one
shut-off valve located within the hollow bore of at least one of the coupling sections (26,28), the or each shut-off valve including a
valve member (32) movable between a valve open position and a valve closed position in which the valve member (32) shuts off the
flow of a flowable material through the hollow bore, the or each valve member (32) configured to move to its valve closed position
on separation of the coupling sections (26,28), « wherein the first coupling section (26) is connected to the first fluid conduit (22) so

[Continued on next page]
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that a first end (36) of the first coupling section (26) extends inside a hollow bore of the first fluid conduit (22) and a second end (38)
of the first coupling section (26) is located outside the hollow bore of the first fluid conduit (22), and/or wherein the second coupling
section (28) is connected to the second fluid conduit (24) so that a first end (40) of the second coupling section (28) extends inside a
hollow bore of the second fluid conduit (24) and a second end (42) of the second coupling section (28) is located outside the hollow
bore of the second fluid conduit (24).
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1
FLUID CONDUIT ASSEMBLY

This invention relates to a fluid conduit assembly.

itis known to use a coupling to releasably connect two fluid conduits together.

According to an aspect of the invention, there is provided a fluid conduit assembly
comprising:

first and second fluid conduits;

a coupling including first and second coupling sections, each coupling section
defining a respective hollow bore along which flowable material may flow, the first coupling
seciion in fluid connection with the first fluid conduit, the second coupling section in fuid
connection with the second fluid conduit, the coupling sections configured to be releasably
coupled to each other; and

at least one shui-off valve located within the hollow bore of at least one of the
coupling sections, the or each shut-off vaive including a valve member movable between
a valve open position and a valve closed position in which the valve member shuts off the
flow of a flowable material through the hollow bore, the or each valve member configured
{0 move {o its valve closed position on separation of the coupling sections,

wherein the firsi coupling section is connected o the first fluid conduit so thai & first
end of the first coupling section extends inside a hollow bore of the first fluid conduit and
a second end of the first coupling section is located cutside the hollow bore of the first fluid
conduit, and/or wherein the second coupling section is connected to the second fluid
conduit so that a first end of the second coupling section extends inside a hollow bore of
the second fluid conduit and a second end of the second coupling section is located cutside

the hollow bore of the second fluid conduit.

in use, the fluid conduit assembly fransporis a fluid from one location o another iocation.
Such fluids include liquids and gases, particularly liquid natural gas, petrochemicals and
hydrocarbons. The provision of the coupling in the fluid conduit assembly enables the fiuid
conduits to be readily disconnected from each other by releasably decoupling the coupling
sections from each other. The disconnection of the fluid conduits may take place under
normal operating conditions (such as completion of a fluid transfer process) or under
ermergency operating conditions (such as the fluid conduits being exposed 1o unexpecied

loads beyond its allowable load rating).
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The configuration of the first end of at least one of the first and second coupling sections
to extend inside the holiow bore of the corresponding fluid conduit allows for a reduction
in effective length of the coupling, i.e. the length of the coupling between the fiuid conduits,
and at the same time maintain the actual length of the coupling reguired to accommodate

the structure and/or operation of the or each shut-off valve.

in addition, the configuration of the first end of at least one of the first and second coupling
sections to extend inside the hollow bore of the corresponding fluid conduit enables the
fluid conduits o form an outer housing that encloses part of the coupling, which reduces
the amount and cost of material required to construct the coupling. This allows for a
reduction in overall size and weight of the coupling, which not only makes it easier to
handie the coupling during installation and after separation of the coupling sections but
also diminishes the risk of auto-submergence of the ends of the fluid conduils afier

separation of the coupling sections.

The configuration of the fluid conduit assembly of the invention therefore enables the
construction of a smaller and lighter coupling without adversely affecting the coupling’s
capability to block the flow of the flowable material through the hollow bore upon separation

of the coupling seclions.

Furthermore, the configuration of the first end of at least one of the first and second
coupling sections {o exiend inside the holiow bore of the corresponding fluid conduit not
only enhances the robustness of the connection of the coupling to the fluid conduits, but
also enables the fluid conduits to form an outer housing that encloses part of the coupling
to provide protection for the coupling, particularly its internal features, from accidental

damage and the environment.

Moreover, the reduction in the effective length of the coupling decreases the amount of
bending moment experienced by the coupling during use of the fluid conduit assembly.
This is particularly applicable o the use of the fluid conduit assembly in reeling
applications, such as reeling of the fluid conduit assembly around a reel or unresling of the
fluid conduit assembly from the reel, which can generate bending moments resulting in

tensile loads bevond an allowable tensile load rating.

In conirast, configuring the coupling sections o be located completely cutside the hollow
bores of the respective fluid conduits results in a coupling with a longer effective length

than the coupling of the invention. This is because the effective length of the coupling
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would be equal to the actual length of the coupling that is reguired to accommpodate the
structure and/or coperation of the or each shul-off valve. A fluid conduit assembly
comprising such a coupling would not have the aforementioned benefits of the fluid conduit

assembily of the invention.

The or each first end may have a tapered bore profile that tapers in a direction towards the
corresponding second end. Preferably the tapered bore profile defines a section of a
hollow bore of the corresponding first end that is furthest inside the hollow pore of the

corresponding fluid conduit.

Fiow separation (also known as flow detachment) takes place at the transition between
different bore widths in the fluid conduit assembly, primarily the transition between the bore
of the fluid conduit and the narrower bore of the inserted first end of the corresponding
coupling section. This creates localised flow recirculation zones with eddies that contribute

to higher energy loss and increased pressure drop in the flow of the flowable material.

The provision of a tapered bore profile of the or each first end minimises or delays flow
separation, enables quicker flow reattachment and suppresses the size of the flow
recirculation zones and associated eddies to reduce energy loss and pressure drop and
achieve faster pressure recovery. This is due io the {apered bore profile streamiining the

shape of the bore 1o provide a less abrupt change of bore geometry.

in such embodiments, the tapered bore profile may be a siraight tapered bore profile. In
other such embodiments, the tapered bore profile may be a curved tapered bore profile,

such as a convex tapered bore profile.

Both straight tapered and curved tapered bore profiles provide reliable means for
improving the flow performance of the fiuid conduit assembly by minimising or delaying
flow separation, enabling quicker flow reattachment and suppressing the size of the flow
recirculation zones and associated eddies. In particular, the curved tapered bore profile
offers a more gradual change of bore geometry in comparison to the straight tapered bore
profile. This enables quicker flow reaitachment for pressure recovery at ihe inlet of the
coupling but also resulls in flow separation taking place nearer the outlet of the coupling,
which resulls in shorler pressure recovery zones that are defined by the distance between

the flow separation and reattachment locations.
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In embodiments of the invention, the coupling may have a continuous, smooth bore profile
that extends or substantially extends throughout the hollow bores of the coupling sections.
This prevents any abrupt (i.e. discontinuous) change of bore geomelry along the axis of
the hollow bore and thereby further enhances the flow performance of the fluid conduit

assembly.

in embodiments of the invention in which each of the first and second coupling sections
includes a respective first end, an axial length of the tapered bore profile of the first end of
one of the first and second coupling sections may be shorter than an axial length of the
tapered bore profile of the first end of the other of the first and second coupling sections.
The axial lengths of the tapered bore profiles of the first ends may be optimised {o balance

the fluid conduit assembly’s performance against the coupling’s cosi and weight.

Preferably one of the first and second coupling sections may be configured as an upstream
coupling section, the other of the first and second coupling sections may be configured as
a downstream coupling section, and an axial length of the tapered bore profile of the first
end of the upstream coupling section may be shorter than an axial length of the tapered

bore profile of the first end of the downstream coupling section.

Shortening the axial length of the tapered bore profile of the first end of the upstream
coupling section allows for reductions in the cost and weight of the coupling without
significantly impacting on the overall flow performance, particularly pressure drop.
Meanwhile the axial length of the tapered bore profile of the first end of the downsiream
coupling section can be configured o be ionger to minimise or delay flow separation and
suppress the size of the flow recirculation zones in order o improve the overall flow

performance.

in further embodiments of the invention in which each of the first and second coupling
sections includes a respective first end, one of the first and second coupling sections may
be configured as an upstream coupling section, the other of the first and second coupling
sections may be configured as a downsiream coupling section, and a width of a hollow
bore of the first end of the upstream coupling seclion may be larger than a width of a hollow

bore of the first end of the downstream coupling section.

Increasing the width of the hollow bore of the first end of the upsiream coupling section
results in a smalier flow impingement zone at the inlet of the coupling, which in turn results

in a lower pressure drop.
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Alternatively the or each first end may have a straight bore profile.

The length of the or each first end exiending inside the holiow bore of the corresponding
fluid conduit may be between 10% and 90% of the total length of the corresponding
coupling section, preferably between 20% and 80% of the total length of the corresponding
coupling section, between 30% and 70% of the total length of the corresponding coupling
section, hetween 40% and 80% of the total length of the corresponding coupling section,

or 50% of the {otal length of the corresponding coupling section.

The invention is applicable to a wide range of shut-off valves, the structure and
configuration of which may vary to oplimise the design of the coupling in terms of, for
example, its effective length, its size, #ts weight, and protection for the coupling. Examples

of such shut-off valves are described as follows and elsewhere in this specification.

in embodiments of the invention, at least part of the or each shui-off vaive may be arranged
to be inside the first end of the corresponding coupling section. In such embodiments, at
least part of the or each shut-off valve may be arranged 1o be inside the first end of the
corresponding coupling section when the corresponding valve member is in its valve open
position, and/or at least part of the or each shut-off valve may be arranged to be inside the
first end of the corresponding coupling seclion when the corresponding valve member is

in its valve closed position.

By arranging part or the whole of the or each shui-off valve 1o be inside the firsi end of the
corresponding coupling section, it becomes possible to further reduce the effective length
of the coupling without compromising on the capability of the or each shul-off valve 1o shut
off the flow of a flowable material through the hollow bore. In addition, arranging part or
the whole of the or each shut-off vaive (o be inside the first end of the corresponding
coupling section provides additional protection for the or each shul-off valve from

accidental damage and the environment.

The or each valve member in its valve open position may be located in any one of. the first
end of the corresponding coupling section; the second end of the corresponding coupling

section; and both of the first and second ends of the corresponding coupling section.

When the or each valve member in its valve open position is located in any one of: the first

end of the corresponding coupling section; and both of the first and second ends of the
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corresponding coupling section, at least part of the or each valve member in ils valve open
position may extend into the corresponding fluid conduit beyond the first end of the

corresponding coupling section.

The or each valve member in its valve closed position may be located in any one of. the
first end of the corresponding coupling section; the second end of the corresponding
coupling section; and both of the first and second ends of the corresponding coupling

saction.

The iocation of the or each valve member in the corresponding first end and/or second
end depends on the structure and operation of the or each valve member, and may be
configured to noi only optimise the effective lengih of the coupiing but aiso provide a
desired level of protection for the or each valve member from accidental damage and the

snvironment.

The or each shut-off vaive may include a pivol member pivotally mounted to the
corresponding coupling section, the valve member of the or sach shut-off valve being
pivotally movabie relative {o the hollow bore of the corresponding coupling section via the

corresponding pivot member.

The or each pivot member may be pivotally mounted to an inner wall of the corresponding
coupling section. Mounting the or each pivot member in this manner increases bore
clearance to minimise any reduction in flow performance arising from the insertion of the

first end inside the hollow bore of the corresponding fiuid conduit.

In a preferred embodiment of the invention, the or sach shut-off valve may include a
plurality of petal elements. Each petal element may have a pivot member and a valve
member. The valve member of each petal element may be pivotally movable relative to
the hollow bore of the corresponding coupling section via the corresponding pivot member.
Each petal slement may be rolatable between a fully retracted position that corresponds
to a valve open position of the corresponding shut-off valve and a fully extended position
that corresponds to a valve closed position of the corresponding shut-off valve. The vaive
members may be configured so that, when the corresponding shut-off valve is in the valve
closed position, the valve members may abut one another 1o form a cone that faces or
opposes a direction of flow of the flowable material. An apex of the cone may define a
meeting point for the petal elements when the corresponding shut-off valve is in the valve

closed position.
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The petal configuration of the or each shul-off valve helps 1o minimise any reduction in
flow performance arising from the insertion of the first end inside the hollow bore of the
corresponding fluid conduil. This is because a shui-off valve having a plurality of petal
elements may provide substantial bore clearance in the valve open position while being

capable of securely blocking the flow of the flowable material in the valve closed position.

Moreover, the configuration of the petal elements are such that, when the shut-off valve is
in its closed position, the abutling valve members may be located in any one of. the first
end of the corresponding coupling section; the second end of the corresponding coupling

section, and both of the first and second ends of the corresponding coupling section.

The pivoet member may be located in any one of: the first end of the corresponding coupling
section; the second end of the corresponding coupling section; and beth of the first and

second ends of the corresponding coupling section.

The location of the or each pivot member in the comresponding first end and/or second end
depends on the structure and operation of the or each pivol member, and may be
configured to not only optimise the effective lengih of the coupiing but aiso provide a
desired level of protection for the or each pivot member from accidental damage and the

anvironment.

The invention is applicable to a wide range of fluid conduits, the structure and configuration
of which may vary. Examples of such fluid conduits are described as follows and

elsewhere in this specification.

In afirst example, each of the first and second fluid conduits may be a flexible fluid conduit,

such as a hose,

In a second example, sach of the first and second #uid conduits may be a rigid fluid

conduit, such as a pipsiine.

In a third example, one of the first and second fluid conduits may be a flaxible fluid conduit,

and the other of the first and second fluid conduits may be a rigid fluid conduit.

The invention is applicable for use with both flexible and rigid fluid conduits. Both types of

fluid conduits, particularly the rigid type, provide additional protection for the or each first
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end of the coupling housed within the hollow bore of the corresponding fluid conduit. The
invention is useful for flexible fluid conduits that are more susceptible {0 bending moments,

particularly in reeling applications.

in embodiments of the invention, the or each first end may be dimensioned to fit the hollow
bore of the corresponding fluid conduit info which it extends. The term “fit", as used here
and elsewhere in this specification, is intended 1o refer to the outer dimensions {(such as
cuter diameter) of the or each first end maiching the inner dimensions {such as inner
diameter) of the hollow bore of the corresponding fluid conduit, subject o manufacturing

tolerances.

Alternatively an intermediate element, such as a collar or a sealing element, may be

arranged between the or each first end and an inner wall of the corresponding fluid conduit.

An outer wall of the or each first end may be a non-threaded outer wall, a protrusion-free

ouier wall, a groove-free cuter wall and/or a smooth outer wall.

The or each second end may include a flange that is secured to a flange of the
corresponding fluid conduit to which the corresponding coupling section is connected. This
further improves the security of the connection of the coupling to the fluid conduits. The
flanges may be secured together using at least one flangs fastener. For example, the or
each flange fastener may include: a screw fastener; a nut and bolt arrangement; a collar

for securing the flanges together; or a clamping device for securing the flanges together.

Using a flanged joint to secure the coupling section and fluid conduit together is beneficial
over a screwed or threaded joint, especially in reeling applications, in that it not only
reduces the amount of bending moment experienced by the coupling as a result of the
screwed or threaded joint but also avoids damage to an inner wall of the hollow bore of
the fluid conduit arising from bending at the screwed or threaded joint. In addition, it is
simpler and cheaper 10 repair or replace a damaged component of the flanged joint than it
is to repair or replace a screwed or threaded surface that is an integral part of the coupling
section. Furthermore, particularly for large and heavy fluid conduit assemblies, the flanged
joint makes it easier {o attach and detach the coupling section from the fluid conduit in

comparison 1o a screwed or threaded joint that requires rotation of the coupling section.

The coupling sections may be releasably coupled to each other via ai least one releasable

fastener. The or each releasable fastener may include a weakenad portion that breaks on
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exposure o a tensile lcad exceading a predetermined limit. Such a releasable fasiener
may be in the form of, for example, a breaksiud. This provides a reliable means of
releasing the or each releasable fastener to cause the automatic separation of the coupling
seclions in response {0 the coupling being exposed io a iensile load exceeding an

allowable tensile load rating.

Other examples of releasable fasteners that can be used in the invention include, for
example, a collar or a clamping device for securing the coupling sections together. In
addition, or alternatively, the or each releasable fasienser may be configured to permit
controlled separation of the coupling sections from each other on operation of an actuation
mechanism {e.¢. a hydraulic or pneumatic acluation mechanism) operably engaged with

the or each releasable fastener,

The coupling sections may be directly secured o each other. For exampie, the coupling

sections may have adjacent portions (e.g. flanges) that are directly secured to each other.

Alternatively, the coupling sections may be indirectly secured to each other. For example,
the coupling may further include an additional coupling section, such as a collar-shaped
coupling section, arranged between the coupling sections, where the coupling seclions are

secured 10 each other via the inlermediate additional coupling section.

The fluid conduit assembly may include: a first shut-off valve located within the hollow bore
of the first coupling section; and a second shut-off valve located within the hollow bore of
the second coupling section. The benefits of the invention arising from a reduction in the
effective length of the coupling is more apparent for a fluid conduit assembly having a

ceupling comprising multiple shut-off valves.

The or each valve member may be biased to move {o its valve closed position on
separation of the coupling sections. Alternatively the or each valve member may be
controllable, e.¢. using an actuation mechanism, to move to its valve closed position on

separation of the coupling sections.

The configuration of the coupling of the invention may accommodate different ways of

moving the or each valve member {0 iis valve closed position.

in embodiments of the invention, the coupling may be a breakaway coupling or a release

coupling.
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Breakaway and release couplings are used in situations where a fluid conduit (8.g. a
pipeline) may be exposed 0 a tensile loading which, in the absence of a breakaway or
release coupling, could cause the fiuid conduit to fracture. Typically, such a fluid conduit
may be one used for carrving material (e.g. liquid or gas) between two locations, such as
between ships or between a ship and a stationary site {e.g. a dock). If such a fracture
occurs, the material being conveyed along the fluid conduit flows freely out of the fractured
ends of the fluid conduit. This can cause significant spillage that is expensive to clear and
may be environmentally undesirable. The presence of a breakaway or release coupling
enables the fiuid conduit to fracture at a specified location {(i.e. at the coupling) and for
spillage to be avoided by providing one or more valves in the breakaway coupling which

are actuated when the coupling breaks.

The configuration of the coupling of the invention is particularly beneficial when the
coupling is in the form of a breakaway coupling or a release coupling. For the same
reasons ocutlined earlier in this specification, the configuration of the coupling of the
invention provides the breakaway or release coupling with several advaniages over
conwventional breakaway or release couplings by reducing their size, weight and cost,
improving their handling, reducing the risk of post-separation auto-submergence, and

providing additional protection.

it will be understood that the use of the terms "first” and "second” and the like in this
specification is merely intended to help distinguish between similar features (e.g. the first
and second fluid conduits, the first and second coupling sections, and so on), and is not

intended to indicate the relative importance of one feature over ancther feature.

Preferred embodiments of the invention will now be described, by way of non-limiting

examples, with reference to the accompanying drawings in which:

Figure 1 shows schematically a fuid conduit assembly according to a first
embodiment of the invention;

Figures 2 and 3 respectively show the fiuid conduit assembly of Figure 1 when the
shut-off valve housings are connected and separated;

Figures 4 to 12 show the simulated flow performance of fluid conduit assemblies
according to embodiments of the invention;

Figure 13 shows schematically a fluid conduit assembly according 1o a second

embodiment of the invention;
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11
Figures 14 and 15 respectively show the fluid conduit assembly of Figure 13 when

the shut-off valve housings are connected and separated.

The figures are not necessarily to scale, and certain features and certain views of the
figures may be shown exaggerated in scale or in schematic form in the interests of clarity

and conciseness.

The following embodiments of the invention are described with reference {o a breakaway
coupling configured to releasably connect two flexible hoses together, bul it will be
appreciated that the following embodiments of the invention are applicable mutatis

mutandis to other types of couplings and other types of fluid conduits.

A fluid conduit assembly according to an embodiment of the invention is shown in Figure

1, and is designated generally by the reference numeral 20.

The fluid conduit assembly 20 comprises first and second fluid conduits and a breakaway
coupling. In use, the fiuid conduit assembly transports a fluid from one location to another

iocation.

Each of the first and second fluid conduits is in the form of a flexible hose 22,24,

The breakaway coupling comprises a pair of coupling sections, each of which is in the form
of a respective shut-off valve housing 26,28 that defines a hollow bore along which
flowable material may flow. The shut-off valve housings 26,28 are respectively fluidiy
coupled to the first and second flexible hoses 22,24 such that securing the shut-off valve
housings 26,28 io each cther fluidly interconnects the first and second flexible hoses
22,24, More specifically, an abutment end of each of the shut-off valve housings 26,28 is
formed o define a flange extending about its circumference, and the flanges define
opposed contact surfaces which on abutment of the shut-off valve housings 26,28 are
brought into abutting engagement. The abutting flanges are releasably secured to sach

other by means of a plurality of releasable fasteners.

In the embodiment shown, the releasable fasteners may be configured to each include a
respective frangible element such as a breakstud, which is formed to include a weakened
portion {e.g. a reduced cross-section) that breaks on exposure to a tensile load exceeding
a predetermined limit. Such a tensile load may be applied to the fluid conduit assembly

20 as a result of unexpected movement of objects connected to the ends of the fluid
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conduit assembly 20 or dug 1o excessive pressure {8.¢. a pressure surge) within the fluid
conduit assembly 20, The use of a respective breakstud with the weakened portion
permits the automatic separation of the shut-off valve housings 26,28 in response to the
tensile load exceeding a predetermined limit. More particularly, upon application of such
a tensile load, each breakstud breaks at its weakest section, thus permitting the shut-off
valve housings 26,28 1o separate from each cther. Such automatic separation can be

carried out independently of any conirol and/or monitoring system.

L is envisaged that, in other embodiments of the invention, each frangible slement may be

replaced by a different type of releasable fastener.

A respective shut-off valve in the form of a PETAL VALVE™ valve is located within the
hollow hore of each shut-off valve housing 26,28. Each shul-off valve includes a plurality
of petal slements, each of which has a pivot member 30 and a valve member 32. I will be
understood that each shut-off valve may include any number of petal elements. The
plurality of petal elements may be identical in shape and/or size, or may differ from each

cther in terms of their shapes and/or sizes.

The valve member 32 of each petal element is pivotally movabie relative to the hollow bore
via the respective pivot member 30 that is pivotally mounted to an inner wail of the
respective shut-off valve housing 26,28. Each petal element is rotatable between a fully
refracted position which corresponds to a valve open position of the corresponding shut-
off valve, and a fully extended position which corresponds to a valve closed position of the
corresponding shut-off valve. In the valve closed position of each shui-off valve, all the
valve members 32 abut one ancther 1o form a cone which faces or opposes the direction
of flow of the flowable material along the fluid conduit assembly 20. For each shut-off
valve, the apex of the cone defines a mesting point for all the petal elements when the
shut-off valve is in the vailve closed position. 1t will be appreciated that the edge of one or

more of the petal elements may optionally include a seal formed thereon.

Figures 2 and 3 respectively show the fluid conduit assembly 20 when the shut-off valve

housings 26,28 are connected and separated.

Each shul-off valve when in the valve open position cpens the hollow bore of the
corresponding shut-off valve housing 26,28 so as to allow flowable material to flow along

the hollow bore. Each shut-off valve when in the valve closed position closes the holiow
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bore of the corresponding shut-off valve housing 26,28 so as {o prevent flowable material

from flowing along the hollow bore.

The breakaway coupling further includes an internal sleeve 24 arranged within the shut-
off valve housings 26,28, When the shut-off valve housings 26,28 are secured to each
other, the internal sleeve is arranged to push against both shut-off valves 50 that their petal
elements are in their fully retracted positions and the shut-off valves are in their valve open
positions. When the shut-off valve housings 26,28 separate from each cther, the internal
sleeve is arranged o move away from the shul-off valves so that their petal slements are
allowed to move from their fully retracted positions to their fully extended positions in order

o close the shut-off valves.

in other embodiments of the invention, it is envisaged that the breakaway coupling may
include only one of the shut-off valves, with the single shut-off valve being located in one

of the shut-off valve housings.

The shut-off valve arrangement shown in Figure 1 is referred to by the applicant as a
PETAL VALVE™ arrangement, other exampies of which are described in EP 0 006 273
A1 and GB 2051993 A

A first 26 of the shut-off valve housings 26,28 is connected {o the first flexible hose 22 so
that a first end 38 of the first shut-off valve housing 26 extends inside a hollow bore of the
first flexible hose 22 and a second end 38 of the first shut-off valve housing 26 is located
ouiside the holiow bore of the first flexible hose 22. The cuter diameter of the first end of
the first shut-off valve housing 28 is dimensioned to fit the inner diameter of the hollow

bore of the first flexible hose 22.

A second 28 of the shut-off valve housings 28,28 is connecied to the second flexible hose
24 so that a first end 40 of the second shut-off valve housing 28 exiends inside a hollow
bore of the second flexible hose 24 and a second end 42 of the second shut-off valve
housing 28 is located outside the holiow bore of the second flexible hose 24. The outer
diameter of the first end of the second shut-off valve housing 28 is dimensioned to fit the

inner diameter of the hollow bore of the second flexible hose 24.

Configuring the first ends 36,40 of the first and second shut-off valve housings 26,28 to

respectively extend inside the hollow bore of the first and second flexible hoses 22,24
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enhances the robusiness of the connection of the breakaway coupling to the flexible hoses
22,24,

Optionally an intermediate element, such as a collar or a sealing element, may be arranged

between each first end 36,40 and an inner wall of the corresponding flexible hose 22,24,

The second end 38 of the first shut-off valve housing 26 includes a flange that extends
about the circumference of the first shut-off valve housing 26 adjacent o the first end 36,
with the flange being secured to a flange of the first flexible hose 22. The second end 42
of the second shul-off valve housing 28 also includes a flange that exiends about the
circumference of the second shut-off valve housing 28 adjacent to the first end 40, with

the flange being secured {0 a flange of the second flexible hose 24.

in the embodiment shown, the flanges are secured together using a plurality of screw
fasteners. in other embodiments of the invention, it is envisaged that the plurality of screw
fasteners may be replaced by one or more other flange fasteners, such as a nut and bolt
arrangement, a collar for securing the flangses together, or a clamping device for securing

the flanges together.

in comparison o a screwed or threaded joint, the provision of the flanged joint {0 secure
the shut-off valve housings 26,28 and flexible hoses 22,24 together reduces the amount
of bending moment experienced by the breakaway coupling and also avoids damage {o
inner walls of the holiow bores of the flexible hoses 22,24, Also, in comparison 1o a
screwed or threaded joint, the flanged joini is also simpler and cheaper to repair or replace,
and the flanged joint makes it easier to attach and detach the first and second shut-off

valve housings 28,28 from the corresponding flexible hoses 22,24

The provision of the flanged joint aliows an outer wall of each first end 38,40 {0 be
configured as a smooth outer wall that is non-threaded, protrusion-free and groove-fres.
This is because the outer wall of sach first end 35,40 is not required to function as a
fastening surface o secure the first ends 36,40 inside the hollow bores of the first and

second flexible hoses 22,24,

The length of each first end 38,40 extending inside the hollow bore of the corresponding
flexible hose 22,24 may be between 10% and 80% of the total length of the corresponding
shut-off valve housing 26,28, preferably between 20% and 80% of the total length of the

corresponding shut-off valve housing 26,28, between 30% and 70% of the {otal length of
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the corresponding shut-off valve housing 28,28, between 40% and 60% of the total length
of the corresponding shut-off valve housing 26,28, or 50% of the tolal length of the

corresponding shut-off valve housing 28,238,

in the embodiment shown, part of each shut-off valve is arranged inside the first end 36,40
of the corresponding shul-off valve housing 26,28, and the other part of each shut-off valve
is arranged inside the second end 38,42 of the corresponding shut-off valve housing 26,28

as follows.

The pivot member 30 of each shut-off valve is pivotally mounted to the inner wall of the
second end 38,42 of the comresponding shut-off valve housing 26,28, and thereby is

located inside the second end 38,42 of the corresponding shut-off valve housing 26,28,

The valve member 32 of each shut-off valve in its valve open position extends across the
first and second ends 38,38,40,42 of the corresponding shut-off valve housing 28,28, That
is {0 say, the vaive member 32 of each shut-off valve in its valve open position is located
partly inside the hollow bore of the corresponding flexible hose 22,24 and partly cutside
the holiow bore of the corresponding fexible hose 22,24, It is envisaged thal, in other
embodimenis of the invention, the valve member of each shut-off vaive in its valve open
position may be iocated compietely inside the second end of the corresponding shut-off

valve housing.

The valve member 32 of each shui-off valve in its valve closed position also extends across
the first and second ends 36,38,40,42 of the corresponding shut-off valve housing 26,28,
That is {o say, the valve member 32 of each shut-off valve in its valve closed position is
located partly inside the hollow borg of the corresponding flexible hose 22,24 and partly
outside the hollow bore of the corresponding flexible hose 22,24, 1t is envisaged that, in
other embodiments of the invention, the valve member of each shut-off valve in its valve
closed position may be located completely inside the second end of the corresponding

shut-off valve housing.

Configuring the first ends 26,40 of the first and second shui-off valve housings 26,28 to
respectively extend inside the hollow bore of the first and second flexible hoses 22 24
permits the effective length of the breakaway coupling, i.e. the length of the breakaway
coupling between the flexible hoses 22,24, and at the same time maintain the actual length
of the breakaway coupling required to accommodate the structure and operation of each

shut-off valve. In addition, the arrangement of part of each shut-off valve inside the first
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end 36,40 of the corresponding shut-off valve housing 26,28 permils the further reduction
of the effective length of the breakaway coupling without compromising on the structure

and operation of each shut-off valve.

Reducing the effective length of the breakaway coupling advantageously decreases the
amount of bending moment experienced by the breakaway coupling during use of the fluid
conduit assembly 20, particularly in resling applications, such as reeling of the fluid conduit
assembly 20 around a reel or unreeling of the fluid conduit assembly 20 from the reel,
which can generate bending moments resulting in tensile loads beyond an allowable

tensile load rating.

Configuring the first ends 38,40 of the first and second shut-off valve housings 26,28 to
respeclively extend inside the hollow bore of the first and second flexible hoses 22,24 also
allows the first and second flexible hoses 22,24 o form an outer housing that encloses the
first ends 36,40 of the shut-off valve housings 28,28, This in tumn permits the outer
diameters of the first ends 36,40 to0 be narrower than the outer diameters of the
corresponding second ends 38,42, which reduces the amount and cost of material required
to construct the breakaway coupling allows for a reduction in overall size and weight of the
breakaway coupling. As a result, the reduced weight of the breakaway coupling makes it
easier io handle the breakaway coupling during installation and afler separation of the
shut-off valve housings 26,28 but also diminishes the rigsk of auto-submergence of the ends

of the flexible hoses 22,24 after separation of the shut-off valve housings 26,28,

The formation of the outer housing enclosing the first ends 36,40 of the shut-off valve
housings 26,28 by the first and second flexible hoses 22,24 also provides additional
protection for the first ends 36,40 of the shut-off valve housings 26,28, in particular the
features of the shut-off valves internal to the first ends 36,40, from accidental damage and

the environment.

The configuration of the fluid conduit assembly 20 of Figure 1 therefore enables the
construction of a breakaway coupling that has reduced size, weight and cost, improved
handling during installation and post-separation, reduced risk of post-separation auto-
submergence and additional protection, without adversely affecting the breakaway
ceupling’s capability 1o block the fow of the flowable material through the hollow bore upon

separation of the shut-off valve housings 26,28
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The arrangement of each pivet member and each valve member in the corresponding
shut-off valve housing may be modified depending on the structure and operation of each

pivot member and each valve meamber.

itis envisaged that, in other embodiments of the invention, the pivot member of each shut-
off valve may be pivotally mounted 1o the inner wall of the first end of the corresponding
shui-off valve housing. In such embodiments, the valve member of each shut-off valve in
its valve open and closed positions may be located completely inside the first end of the

corresponding shut-off valve housing.

it is envisaged that, in still other embodiments of the invention, the pivol member of each
shut-off valve may be pivolally mounted to the inner wails of the first and second ends of
the corresponding shul-off valve housing. In such embodiments, the valve member of
each shut-off valve in its valve open position may be located completely inside the first end
of the corresponding shut-off valve housing, or may extend across the first and second
ends of the corresponding shut-off valve housing. In further such embodimenis, the valve
member of each shut-off valve in its valve closed position may be located completely inside
the first end of the corresponding shut-off valve housing, or may extend across the first

and second ends of the corresponding shut-off valve housing.

The flow of flowable material through the fluid conduit assembily 20 will be described with
reference 1o the first shut-off valve housing 26 configured as an upstream shut-off valve
housing and the second shut-off valve housing 28 configured as a downstream shut-off
valve housing. i will be appreciated that the following description applies mutatis mutandis
to the second shut-off valve housing 28 configured as an upstream shut-off valve housing

and the first shut-off valve housing 26 configured as a downstream shut-off valve housing.

in the embodiment shown, each of the first ends 36,40 has a straight tapered bore profile
that tapers in a direction towards the corresponding second end 3842, The straight
taperad bore profile defines a section of a hollow bore of the corresponding first end 36,40
that is furthest inside the hollow bore of the corresponding flexible hose 22,24, e the
section of the hollow bore of the corresponding first end 36,40 that is furthest away from

the corresponding second end 38,42,

During the flow of flowable material along the flexible hoses 22,24 and shut-off valve
housings 26,28, flow separation occurs at several [ocations corresponding to changes in

bore geometry, particularly locations corresponding to the transitions between the bore of
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each flexible hose 22,24 and the narrower bore of the inserted first end 36,40, Figure 43
shows the locations 100,102,104 108 of the flow separation in the Auid conduit assembly
20. Meanwhile Figures 4b, 4¢ and 4d show close-ups of the location 100 of the flow
separation at the inlei of the breakaway coupling, the location 102 of the flow separation
within the first shut-off valve housing 28, the location 104 of the flow separation within the
second shut-off valve housing 28 and the location 106 of the flow separation at the cutlet
of the breakaway coupling, It can be seen that the flow separation at the outlet of the
breakaway coupling is larger than the flow separation al the inlet of the breakaway

coupling.

The flow separation creates localised flow recirculation zones with eddies that coniribute
{0 higher energy loss and increased pressure drop in the flow of the flowable material.
Figure 5a shows the locations 108,110,112,114 of the flow recirculation zones in the fluid
conduit assembly 20. Meanwhile Figures 5b, 5¢ and 5d show close-ups of the location
108 of the flow recirculation zone at the inlet of the breakaway coupling, the location 110
of the flow recirculation zone within the first shut-off valve housing 26, the location 112 of
the flow recirculation zone within the second shut-off valve housing 28 and the location

114 of the flow recirculation zone at the cutlet of the breakaway coupling,

Figure © illustrates the variation in pressure along the axial length of the fluid conduit
assembly 20. The fluid pressure dips in the narrower bore of the breakaway coupling due
{o high localised fluid velocity and recovers at a cerfain distance downstream of the
breakaway coupling due to large flow recirculation zones. The pressure recovery zone is
indicated as ‘118’ in Figure 6. By streamlining the shape of the bore of the breakaway
coupling to provide a less abrupt change of bore geometry in comparison {0 a straight bore
profile, the straight tapered bore profiles of the first ends 3840 improve the flow
performance of the fluid conduit assembly 20 by minimising or delaying flow separation,
enabling quicker flow reatiachment and suppressing the size of the flow recirculation zones
and associated eddigs in order to reduce energy loss and pressure drop and achieve faster

pressure recovery.

in other embodiments of the invention, the siraight tapered bore profile may be replaced

by a curved tapered bore profile in the form of a convex tapered bore profile.

Figure 7 compares the flow performance of a fiuid conduit assembly having first ends with
straight tapered bore profiles (Figure 7a) against the flow performance of a fluid conduit

assembly having first ends with convex tapered bore profiles (Figure 7b). At the inlet of
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the breakaway coupling, the flow separation locations 118,120 of the straight tapered bore
profile and the convex tapered bore profile are the same, but the flow reattachment location
122 of the siraight tapered bore profile is further downstream than the flow reattachment
location 124 of the convex tapered bore profile. At the outlet of the breakaway coupling,
the flow separation location 126 of the straight tapered bore profile is further upstream than
the fow separgtion location 128 of the convex tapered bore profile, and the flow
reattachment location 130 of the straight tapered bore profile is further downstream than
the flow reattachment location 132 of the convex tapered bore profile. The relatively
stesper change of bore geometry in the straight tapered bore profile causes an sarlier flow
detachment due to the momentum of the escaping fluid, while the more gradual change of
bore geomelry in the convex tapered bore profile results in a later flow detachment. As a
result, the convex tapered bore profile achieves a better flow performance than the siraight
taperad bore profile by providing shorter pressure recovery zones that are defined by the

distance between the flow separation and reattachment locations.

Figure 8 illustrates the variation in pressure along the axial lengih of the fluid conduit
assembly for configurations having:

{h an inlet first end with a straight tapered bore profile and an outlet first end with a
straight bore profile (i.e. bluff-body outlet), indicated as 134",

{ii} an inlet first end with a convex tapered bore profile and an outlet first end with a
straight bore profile (i.e. bluff-body outlet), indicated as “136’;

(i) inlet and outlet first ends with straight tapered bore profiles, indicated as 138,

(iv) inlet and outlet first ends with straight tapered bore profiles, where the axial length
of the straight tapered bore profile of the inlet first end is significantly shorter than
the axial length of the straight tapered bore profile of the outlet first end, indicated
as '140’;

{v} inlet and outlet first ends with convex tapered bore profiles, indicated as 142,

{vi) iniet and outlet first ends with convex lapered bore profiles, where the axial length
of the convex tapered bore profile of the inlet first end is significantly shorter than
the axial length of the convex tapered bore profile of the outlet first end, indicated
as 144’

it can be ssen from Figure 8 that configurations (i) and (i} have the highest upstream
pressures followed by configurations (i) and {iv) with the straight tapered bore profiles
followed by configurations (v) and (vi} with the convex tapered bore profiles having the

lowest upstream pressures.
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it can also be seen from Figure 8 that pressure recovery zones for convex tapered horg
profiles are shorter than pressure recovery zones for straight tapered bore profiles. In
particular, configuration (v) achieves quicker pressure recovery than configuration (ili), and

configuration {vi) achieves guicker pressure recovery than configuration (iv},

Furthermore, the magnitude of the axial length of the tapered bore profile of the inlet first
end has minimal impact on the upstream pressure. Therefore, the axial length of the
tapered bore profile of the inlet first end may be decreased {0 reduce the cost and weight
of the breakaway coupling without significantly impacting on the overall flow performance.
Meanwhile the axial length of the tapered bore profile of the outlet first end can be
configured to be longer to minimise or delay flow separation and suppress the size of the

flow recircuiation zones.

Tabie 1
Axial length of Axial length of
tapered bore profile | tapered bore profile Resuits
N of iniet first end of outlet first end
G.
K-factor, | Pressure
Length Diameter | Length Diameter .
hydraulic drop
{mmj} {mmj} {mmj {mmj :
resistance {bar}
1 49.3 375 0 348.5 0.93 1.40
2 49.3 375 49.3 348.5 0.74 1.12
3 49.3 375 79.9 348.5 0.61 0.93
4 49.3 375 118.3 248.5 (.50 0.76
5 493 375 158.3 348.5 0.42 0.63
8 49.3 375 189.3 348.5 0.41 0.61

Table 1 and Figure 9 lllustrate the influence of the axial length of the convex tapered bore
profile of the cutlet first end on the pressure drop in the fluid conduit assembly. Specifically,
the pressure drop in the fluid conduit assembly increases as the axial length of the convex
tapered bore profile of the outlet first end decreases. This is due to the shorter axial length
of the convex tapered bore profile resulling in a steeper change of bore geometry and

thereby creating a larger flow recirculation zone downsiream.

On the other hand the rate of reduction in pressure drop decreases as the axial length of
the convex tapered bore profile of the outlet first end increases, and an excessively long

axial length of the convex tapered bore profile of the outlet first end is not desirable dus o
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the additional material cost and weight. Hence, the axial length of the convex tapered bore
profile of the outlet first end must be chosen to strike a desired balance between achieving

a desired pressure drop and controlling material costs and weight.

Figure 10 illustrates the variation in flow recirculation zone size downsiream of the outlet
of the breakaway coupling for configurations having:

() an inlet first end with a straight tapered bore profile and an outlet first end with a
straight bore profile (i.e. bluff-body outlet), indicated as “146’;

{iiy inlet and outlet first ends with straight tapered bore profiles, indicated as 1487,

(i) inlet and outlet first ends with convex tapered bore profiles, where the axial length
of the convex tapered bore profile of the inlet first end is significantly shorter than
the axial length of the convex tapered bore profile of the outlet first end, indicated
as ‘180"

(iv) inlet and outlet first ends with convex fapered bore profiles that form part of a
continuous, smooth bore profile that extends throughout the hollow bores of the

coupling sections, indicated as 152’

it can be seen from Figure 10 that, out of the four configurations, configuration (i) resulis
in the largest flow recirculation zone size followed by configurations (i) and (i) and finally
configuration (iv) with the smaliest flow recircuiation zone. This is primarily due {o ithe

effect of the shape of the bore profile of the outlet first end on the flow separation location.

Table 2
Axial length of Axial length of
tapered bore tapered bore
Resuits
profile of inlet first profile of outlet
Configuration end first end
K-factor, | Pressure
Length | Diameter | Length | Diamester )
hydraulic drop
{mmj} {mm} {mmj} {mm} :
resistance {bar}
(i), 154 119.3 348.5 0 348.5 0.95 1.44
(i, 158 119.3 348.5 119.3 348.5 0.54 0.82
(iit}, 158 49.3 375 189.3 348.5 0.41 0.61
(v}, 160 49.3 375 188.3 335 0.25 0.38

Figures 11 and 12 and Table 2 illustrate the variation in pressure glong the axial length of

the fluid conduit assembly for configurations having:
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{h an inlet first end with a straight tapered bore profile and an outlet first end with a
straight bore profile (i.e. bluff-body outlet), indicated as "154;

(iiy inlet and outlet first ends with straight tapered bore profiles, indicated as 156",

(i) iniet and outlet first ends with convex tapered bore profiles, where the axial length
of the convex tapered bore profile of the inlet first end is significantly shorter than
the axial length of the convex tapered bore profile of the outlet first end, indicated
as ‘158’

(iv) inlet and outlet first ends with convex tapered bore profiles that form part of a
continuous, smocth bore profile that extends throughout the hollow bores of the

coupling sections, indicated as 160"

it can be seen from Figures 11 and 12 that, out of the four configurations, configuration (i)
results in the largest pressure drop and the longest pressure recovery zone followed by
configurations (it and {iil) and finally configuration (iv) with the smallest pressure drop and
the shortest pressure recovery zone. This is primarily due to the effect of the shape of the

bore profiles of the inlet and outlet first ends.

A width of a hollow bore of the inlet first end may be configured o be larger than a width
of a holiow bore of the outlet first end s0 as to create a smaller flow impingement zone at

the inlet of the breakaway coupling, which in furn results in a lower pressure drop.

Other bore profiles of the breakaway coupling are envisaged. For example, each first end

may have a straight bore profile.

A fluid conduit assembly according 1o a second embodiment of the invention is shown in
Figure 13 and is designated generally by the reference numeral 220. The fluid conduit
assembly 220 of Figure 13 is similar in structure and operation to the fluid conduit assembly

20 of Figure 1 and like features share the same reference numerals.

The fluid conduit assembly 220 of Figure 13 differs from the fluid conduit assembly 20 of
Figure 1 in that a different type of shul-off valve is employed in each shut-off valve housing
26,28 of Figure 13.

A respective FLIP-FLAP™ valve is located within the hollow bore of each shut-off valve
housing 26,28, Each shut-off valve includes a valve member 232 movable between a
valve open position and a valve closed position. In the valve open position, each valve

member 232 bisects the hollow bore of the respective shul-off valve housing 26,28. Inthe



(4]

10

15

20

25

30

WO 2021/019236 PCT/GB2020/051814
23

valve closed position, the valve member 232 sealingly engages against a valve seat
defined about the circumference of the hollow bore of the respective shut-off valve housing

26,28 1o shut off the flow of a flowable material through the hollow bore.

Figures 14 and 15 respectively show the fluid conduit assembly 220 when the shui-off

valve housings 26,28 are connected and separated.

Each valve member 232 is biased to move to its valve closed position on separation of the
shut-off valve housings 26,28, Each valve member 232 is mounted on a pivot shaft 230
and is biased to move {o its valve closed posilion by means of a spring. The spring
preferably includes contra wound spring portions mounted on opposite ends of the pivot
shaft 230 and engaged with the valve members 232 so as {0 bias each of the valve

members 232 towards the valve closed position.

The shut-off valves are located in the respective shut-off valve housings 26,28 in opposed
configurations such that, whilst the shut-off valve housings 26,28 are secured to each
cther, the opposing valve members 232 interleave with each other when they are in their
valve open positions. This interleaving engagement allows each valve member 232 10
oppose movement of the other valve member 232 uniil separation of the shut-off valve
housings 26,28 moves the valve members 232 out of engagement with each other and the
bias provided by the springs causes the valve members 232 1o move 1o their valve closed

positions.

The shui-off valve arrangement shown in Figure 13 is referred o by the applicant as a
FLIP-FLAP™ yalve arrangement, examples of which are described in EP 2 000 730 A2

in the embodiment shown, part of each shut-off valve is arranged inside the first end 36,40
of the corresponding shut-off valve housing 26,28, and the other part of each shut-off valve
is arranged inside the second end 38,42 of the corresponding shut-off valve housing as

follows.

The pivot shaft 230 of the first shut-off valve is pivotally mounied {o the inner wall of the
first end 36 of the first shut-off valve housing 26, and thereby is located inside the first end
36 of the first shul-off valve housing 26. The pivot shaft 230 of the second shut-off valve
is pivotally mounted to the inner wall of the second end 42 of the second shut-off valve
housing 28, and thereby is located inside the second end 42 of the second shui-off vaive

housing 28.
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The valve member 232 of each shul-off valve in its valve open position extends across the
first and second ends 36,38,40,42 of the corresponding shut-off valve housing 26,28. That
is to say, the valve member 232 of each shut-off valve in its valve open position is located
partly inside the hollow bore of the corresponding flexible hose 22,24 and partly outside
the hollow bore of the coresponding flexible hose 22,24, Furthermore, the valve member
232 of each shut-off valve in its valve open position extends into the corresponding flexible
hose 22,24 beyond the first end 36,40 of the corresponding shut-off valve housing 26,28
it is envisaged that, in other embodiments of the invention, the valve member 232 of each
shut-off valve in its valve open position may remain inside the corresponding shut-off valve
housing by changing the length of the corresponding first end and/or changing the position

of the valve member,

The valve member 232 of each shut-off valve in its valve closed position is located

completely inside the second end 38,42 of the corresponding shut-off valve housing 26,28,

Similarly, the configuration of the fluid conduit assembly 220 of Figure 13 enables the
construction of a breakaway coupling that has reduced size, weight and cost, improved
handling during instailation and post-separation, reduced risk of posi-separation auto-
submergence and additional protection, without adversely affecting the breakaway
coupling's capability to block the fiow of the flowable material through the hollow bore upon

separation of the shut-off vaive housings 26,28,

The arrangement of each pivot shaft and each valve member in the corresponding shut-
off valve housing may be modified depending on the structure and operation of each pivot

shaft and each valve member.

it is envisaged that, in other embodiments of the inveniion, the pivot shaft of each shut-off
valve may be pivotally mounted o the inner wall of the second end of the corresponding
shut-off valve housing. In such embodiments, the valve member of each shut-off valve in
its valve open position may extend across the first and second ends of the corresponding
shui-off valve housing or may be localed compietely inside ithe second end of the
corresponding shut-off valve housing. In further such embodiments, the valve member of
each shut-off valve in its valve closed position may be located completely inside the

second end of the corresponding shut-off valve housing.
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tis envisaged that, in still other embodiments of the invention, the pivol shaft of each shut-
off valve may be pivotally mounted to the inner walls of the first and second ends of the
corresponding shut-off valve housing. In such embodiments, the valve member of each
shut-off valve in its valve open position may extend across the first and second ends of
the corresponding shut-off valve housing. In further such embodiments, the valve member
of each shut-off valve in its valve closed position may be located completely inside the
second end of the corresponding shut-off valve housing, or may exiend across the first

and second ends of the corresponding shut-off valve housing.

in still other embodiments of the invention, it is envisaged that the breakaway coupling
may include only one of the shui-off valves, with the single shut-off valve being located in
one of the shut-off valve housings. In such embodiments, a separate mechanism may be
used (o oppose the movement of the valve member of the single shut-off valve in order {o
maintain the valve member in its valve open position when the shul-off valve housings are

secured to each other.

In the embodiment shown, each of the first ends 36,40 has a straight tapered bore profile
that tapers in a direction towards the corresponding second end 38,42, The straight
tapered bore profile defines a section of a hollow bore of the corresponding first end 36,40
that is furthest inside the hollow bore of the corresponding flexible hose 22,24, i.e. the
section of the hollow bore of the corresponding first end 36,40 that is furthest away from
the corresponding second end 38,42, In other embediments of the invention, the straight
tapered bore profile may be replaced by a curved tapered bore profile, a straight bore
profile or ancither bore profile, examples of which are described throughout the

specification.

Other optional features of the fluid conduit assemblies 20,220 of the invention are

dascribed as follows.

in embodiments of the invention, one of the first and second shut-off valve housings may
be the upsiream shut-off valve housing, and the other of the first and second shut-off valve

housings may be the downstream shui-off valve housing.

it is envisaged that, in other embodiments of the invention, the shut-off valve arrangement
may be replaced by other shul-off valve arrangements, including a sleeve-based valve
arrangement (such as described in GB 2391051 A).
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it is also envisaged that, in still other embodiments of the invention, only one ¢of the first
ends of the shut-off valve housings extends inside the hollow bore of the corresponding
flexible hose, and the other of the first ends of the shut-off valve housings is located ouiside

the hollow bore of the corresponding flexible hose.

Optionally the shut-off valve housings may be indirectly secured {o each other. For
example, the breakaway coupling may further include an intermediate housing section,
such as a collar, arranged between the shut-off valve housings, where the shut-off valve

housings are secured to each other via the intermediate housing section.

Additionally or alternatively to the use of the frangible elements, the releasable fasteners
may be configured to permit controlied separation of the shut-off valve housings from each
other on gperation of an actuation mechanism (2.g. a hydraulic or pneumatic actuation

mechanism) operably engaged with each releasable fastener.

it is envisaged that the actuation mechanism could be operated remotely from a ship or
shore-based control room. I is also envisaged that each hydraulic actuator may include
a stab plate or a tail hose 10 enable remote operation of the actustion mechanism. The
actuation mechanism couid, for example, be operated when personnel and/or sensors
determine that installation, maintenance, repair, servicing or transport of the breakaway

coupling is required or has been completed.

it is also envisaged that the actuation mechanism could be operated locally, .g. by using
a iocal control unit in the vicinity of the actuation mechanism. The local control unit may
include a hydraulic power unit {or a pneumatic power unit as the case may be). The local
control unit may be sized to be portable, 2.g. like a briefcase, so that it can be sasily carried

by a human operator.

In addition, the provision of the actuation mechanism to aid in the engagement and
disengagement of the releasable fasteners is particularly beneficial when it is difficult {o
access each releasable fastener, e.g. due o the location of the breakaway coupling along
the fluid conduit assembly 20,220,

The invention is also applicable for use with rigid fluid conduits, such as pipeline sections.
it is envisaged that, in other embodimenis of the invention, each of the first and second

fluid conduils may be a rigid fluid conduit, or one of the first and second fluid conduits may
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be a flexible fluid conduit and the other of the first and second fluid conduits may be a rigid

fluid conduit.

it will be appreciaied that the numerical values used to describe the above embodiments
are merely intended to help llustrate the working of the invention and are not intended {o

be limiting on the scope of the invention.

The listing or discussion of a prior-published document in this specification should not
necessarily be taken as an acknowledgement that the document is part of the state of the

art or is common general knowledge.
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CLAIMS

1. A fluid conduit assembly comprising:

first and second fluid conduits;

a coupling including first and second coupling sections, each coupling section
defining a respective hollow bore along which flowable material may flow, the first coupling
section in fluid connection with the first fluid conduit, the second coupling section in fiuid
connection with the second fluid conduit, the coupling sections configured {0 be releasably
coupled {o each other; and

at least one shut-off valve located within the hollow bore of at least one of the
coupling sections, the or each shut-off valve including a valve member movable between
a valve open position and a valve closed position in which the valve member shuts off the
flow of a flowable material through the hollow bore, the or each valve member configured
to move 1o its valve closed position on separation of the coupling sections,

wherein the first coupling section is connected to the first fluid conduit so that a first
end of the first coupling section extends inside a hollow bore of the first fluid conduit and
a second end of the first coupling section is located outside the hollow bore of the first fluid
conduit, and/or wherein the second coupling section is connected to the second fluid
conduii so that a first end of the second coupling section extends inside a holiow bore of
the second fluid conduit and a second end of the second coupling seclion is located ouiside

the holiow bore of the second fiuid conduit.

2. A fluid conduit assembily according to Claim 1 wherein the or each first end has a

tapered bore profile that tapers in a direction towards the corresponding second end.

3. A fluid conduit assembly according to Claim 2 wherein the {apered bore profile
defines a section of a hollow bore of the corresponding first end that is furthest inside the

hollow bore of the corresponding fluid conduit.

4. A fluid conduit assembly according to Claim 2 or Claim 3 wherein the tapered bore

profile is a straight tapered bore profile.

5. A fluid conduit assembly according to Claim 2 or Claim 3 wherein the tapered bore

profile is a curved tapered bore profile.

8. A fluid conduit assembly according to Claim § wherein the curved tapered bore

profile is a convex tapered bore profile.
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7. A fluid conduit assembly according to Claim 5 or Claim 6 wherein the coupling has
a continuous, smooth bore profile that exiends or substantially extends throughout the

hollow bores of the coupling sections.

8. A fiuid conduit assembly according to any one of Claims 2 to 7 wherein each of the
first and second coupling sections includes a respective first end, and an axial length of
the tapered bore profile of the first end of one of the first and second coupling sections is
shorier than an axial length of the tapered bore profile of the first end of the other of the

first and second coupling sections.

9. A fiuid conduit assembly according to Claim 8 whersin one of the first and second
ceupling sections is configured as an upsiream coupling section, the other of the first and
second coupling sections is configured as a downsitream coupling section, and an axial
length of the tapered bore profiie of the first end of the upstream coupling section is shorter
than an axial length of the tapered bore profile of the first end of the downstream coupling

section.

10. A fluid conduit assembly according to any one of the preceding claims wherein
each of the first and second coupling sections includes a respective first end, one of the
first and second coupling sections is configured as an upstream coupling section, the other
of the first and second coupling sections is configured as a downstream coupling section,
and a width of a hollow bore of the first end of the upstream coupling section is larger than

a width of a hollow bore of the first end of the downstream coupling section.

11. A fluid conduit assembly according o Claim 1 wherein the or each first end has a

straight bore profile.

12. A fluid conduit assembly according to any one of the preceding claims wherein a
length of the or each first end extending inside the holiow bore of the corresponding fluid
conduit is any one of between 10% and 90% of the total length of the corresponding
ceupling section; between 20% and 80% of the iotal length of the corresponding coupling
seclion, between 30% and 70% of the total length of the corresponding coupling section;
between 40% and 80% of the {otal length of the corresponding coupling section, and 50%

of the total length of the corresponding coupling section.
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13. A fluid conduit assembly according to any one of the preceding claims wherein at
least part of the or each shul-off valve is arranged to be inside the first end of the

corresponding coupling section.

14. A fluid conduit assembly according to Claim 13 wherein at least part of the or each
shut-off valve is arranged 1o be inside the first end of the corresponding coupling section

when the corresponding valve member is in its valve open position.

15. A fluid conduit assembly according to Claim 13 or Claim 14 wherein at least part of
the or each shut-off valve is arranged to be inside the first end of the corresponding

coupling section when the corresponding valve member is in its valve closed position.

16. A fluid conduit assembly according o any one of the preceding claims wherein the
or each valve member in its valve open position is located in any one of: the first end of
the corresponding coupling seclion; the second end of the corresponding coupling section;

and both of the first and second ends of the corresponding coupling section.

17. A fluid conduit assembly according 1o any one of the preceding claims wherein the
or each valve member in its vaive open position is located in any one of: the first end of
the corresponding coupling section, and both of the first and second ends of the
corresponding coupling section, and wherein at least part of the or each valve member in
its valve open position extends into the corresponding fluid conduit bevond the first end of

the corresponding coupling section.

18. A fluid conduit assembly according to any one of the preceding claims wherein the
or each valve member in its valve closed position is located in any one of. the first end of
the corresponding coupling section; the second end of the corresponding coupling section;

and both of the first and second ends of the corresponding coupling section.

19. A fluid conduit assembly according to any one of the preceding claims wherein the
or each shul-off valve includes a pivot member pivotally mounted {0 the corresponding
coupling section, the valve member of the or each shut-off valve being pivotally movable
relative 1o the hollow bore of the corresponding coupling section via the corresponding

pivot member.

20. A fluid conduit assembly according to Claim 18 wherein the or each pivot member

is pivotally mounted o an inner wall of the corresponding coupling section.
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21. A fiuid conduit assembly according to Claim 19 or Claim 20 wherein the pivot
member is located in any one of: the first end of the corresponding coupling section; the
second end of the corresponding coupling section; and both of the first and second ends

of the corresponding coupling section.

22. A fivid conduit assembly according to any one of Claims 19 to 21 wherein the or
each shut-off valve includes a plurality of petal elements, each petal slement having a pivot
member and a valve member, the valve member of each petal element being pivotally
movable relative to the hollow bore of the corresponding coupling section via the
corresponding pivot member, each petal element being rotatable between a fully retracied
position that corresponds to a valve open position of the corresponding shui-off valve and
a fully extended position that corresponds to a valve closed position of the corresponding
shut-off valve, the valve members configured so that, when the correspornding shut-off
valve is in the valve closed position, the valve members abut one another to form a cone
that faces or opposes a direction of flow of the flowable material, an apex of the cone
defining a meeting point for the petal elements when the corresponding shut-off valve is in

the valve closed position.

23. A fluid conduit assembly according (o any one of the preceding clams wherein each

of the first and second fluid conduits is a flexible fiuid conduit.

24, A fluid conduit assembly according to any one of Claims 1 to 22 wherein each of

the first and second fluid conduits is a rigid fluid conduit.

25. A fluid conduit assembly according to any one of Claims 1 to 22 wherein one of the
first and second fluid conduits is a flexible fluid conduit, and the other of the first and second

fluid conduils is a rigid fluid conduit.

26. A fluid conduit assembly according to any one of the preceding claims wherein the
or each first end is dimensioned to fit the hollow bore of the corresponding fluid conduit

into which it extends.

27. A fuid conduit assembly according to any one of the preceding claims wherein an
outer wall of the or each first end is a non-threaded outer wall, a protrusion-free outer wall,

a groove-free outer wall and/or a smooth outer wall.
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28. A fluid conduit assembly according 1o any one of the preceding claims wherein the
or each second end includes a flange that is secured to a flange of the corresponding fluid

conduit to which the corresponding coupling section is connecied.

29. A fluid conduit assembly according to Claim 28 wherein the flanges are secured

together using at least one flange fastener.

30. A fluid conduit assembly according to Claim 29 wherein the or each flange fastener
includes:

s g screw fastener

e a nut and bolt arrangement;

e & collar for securing the flanges together; or

s  a clamping device for securing the flanges together.

31. A fluid conduit assembily according to any one of the preceding claims wherein the

coupling sections are releasably coupled to each olher via al least one reieasable fastener.

32. A fluid conduit assembly according to Claim 31 wherein the or each releasable
fastener includes:
e a weakened portion thal breaks on exposure to a tensile load exceeding a
predetermined limit;
e a coliar for securing the coupling sections together; or

¢ a clamping device for securing the coupling sections {ogsther.

33. A fluid conduit assembly according to Claim 31 or Claim 32 including an actuation
mechanism operably engaged with the or each releasable fastener, wherein the or each
releasable fastener is configured to permit controlied separation of the coupling sections

from each other on operation of the actuation mechanism.

34, A fluid conduit assembily according to Claim 33 wherein the actuation mechanism

is a hydraudic or pneumatic actuation mechanism.

35. A fluid conduit assembily according {o any one of the preceding claims inciluding: a
first shut-off valve located within the hollow bore of the first coupling section; and a second

shut-off valve located within the hollow bore of the second coupling section.
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36. A fluid conduit assembly according 1o any one of the preceding claims wherein the
or each valve member is biased {o move 1o its valve closed position on separation of the
coupling seclions, or wherein the or each valve member is controliable to move to its valve

closed position on separation of the coupling sections.

37. A fluid conduit assembly according to any one of the preceding claims, wherein the

coupling is a breakaway coupling or a release coupling.
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