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(57) Abrege/Abstract:
A cage valve for reduced erosion at the outlet bore. The valve Is of the type having flow trim arranged transverse the inlet bore and
aligned with the outlet bore, the flow trim including a stationary tubular cage and an external cylindrical flow collar slidable along the
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(57) Abrege(suite)/Abstract(continued):
side wall of the cage to cover or uncover one or more pairs of main flow ports in the cage side wall. The external flow collar Is

located for movement between a fully closed position wherein each of the main flow ports Is fully covered by the external flow collar
and a fully open position wherein each of the main flow ports remains partially covered by the external flow collar such that fluid flow
from the Inlet through each of the main flow ports Is directed angularly into the external flow collar, away from the outlet bore, to

reduce erosion at the outlet bore.
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ABSTRACT

A cage valve for reduced erosion at the outlet bore. The valve is of the type
having flow trim arranged transverse the inlet bore and aligned with the outlet bore, the
flow trim including a stationary tubular cage and an external cylindrical flow collar
slidable along the side wall of the cage to cover or uncover one or more pairs of main
flow ports in the cage side wall. The external flow collar is located for movement
between a fully closed position wherein each of the main flow ports is fully covered by
the external flow collar and a fully open position wherein each of the main flow ports
remains partially covered by the external flow collar such that fluid flow from the inlet
through each of the main flow ports is directed angularly into the external flow collar,
away from the outlet bore, to reduce erosion at the outlet bore.

19



10

15

20

CA 02639151 2008-08-27

CAGE VALVE WITH EROSION CONTROL
FIELD OF THE INVENTION

This invention relates to a cage valve for erosion control at the outlet, and to a
method of reducing erosion control at the outlet of a cage valve.

BACKGROUND OF THE INVENTION

A choke valve is a throttling device. It is commonly used as part of an oll or gas
field wellhead. It functions to reduce the pressure of the fluid flowing through the valve.
Choke valves are placed on the production “tree” of an oil or gas wellhead assembly to
control the flow of produced fluid from a reservoir into the production flow line. They

are used on wellheads located on land and offshore, as well as on wellheads located
beneath the surface of the ocean.

Choke valves common to oil and gas field use are generally described in U.S.
Patent No. 4,540,022, issued Sep. 10, 1985, to Cove and U.S. Patent No. 5,431,188,
issued July 11, 1995 to Cove. Both patents are commonly owned by Master Flo Valve,
Inc., the assignee of the present application.

In general, choke valves involve:

a valve body having an axial bore, a body inlet (typically oriented as a side outlet
to the axial bore) and a body outlet (typically referred to as an end outlet, aligned with
the axial bore);

a "flow trim" mounted in the bore between inlet and outlet, for throttling the fluid
flow moving through the body; and
means such as a stem and bonnet assembly for actuating the flow trim to open

and close the choke valve, and for closing the upper end of the axial bore remote from
the outlet.
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There are four main types of flow trim commonly used in commercial chokes.
Each flow trim involves a port-defining member forming one or more flow ports, a
movable member for throttling the flow ports, and seal means for implementing a total
shut-off. These four types of flow trim can be characterized as follows:

(1) a needle-and-seat flow trim comprising a tapered annular seat fixed in the
valve body and a movable tapered internal plug for throttling and sealing in conjunction
with the seat surface;

(2) a cage-with-internal-plug flow trim, comprising a tubular, cylindrical cage,
fixed in the valve body and having ports in its side wall, and a plug movable axially
through the bore of the cage to open or close the ports. Shut-off is generally
accomplished with a taper on the leading edge of the plug, which seats on a taper
carried by the cage or body downstream of the ports;

(3) a multiple-port-disc flow trim, having a fixed ported disc mounted in the valve
body and a rotatable ported disc, contiguous therewith, that can be turned to cause the
two sets of ports to move into or out of register, for throttling and shut-off; and

(4) a cage-with-external-sleeve flow trim, comprising a tubular cylindrical cage
having ports in its side wall and a hollow cylindrical sleeve (external flow collar) that
slides axially over the cage to open and close the ports. The shut-off is accomplished
with the leading edge of the sleeve contacting an annular seat carried by the valve body
or cage.

In each of the above, the flow trim is positioned within the choke valve at the
intersection of the choke valve’s inlet and outlet. In most of the valves, the flow trim
includes a stationary tubular cylinder referred to as a “cage”, positioned transverse to
the inlet and having its bore axially aligned with the outlet. The cage has restrictive flow
ports extending through its sidewall. Fluid enters the cage from the choke valve iniet,
passes through the flow ports and changes direction to leave the cage bore through the
valve outlet.

The present invention is directed to the cage-with-external-sleeve flow trim type
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valve. External sleeve flow trim designs for choke valves are generally described in the
prior art, see for instance U.S. Patent No. 4,540,022, issued Sept 10, 1985, to Cove et
al., and U.S. Patent 6,105,614, issued August 22, 2000 to Bohaychuk et al., and US
2006/0163517 published July 27, 2006 to Bohaychuk et al. A choke valve including an
external sleeve flow trim in sub-sea applications is shown in U.S. Patent No. 6,782,949
to Cove et al. These patents describe the beneficial characteristics of the external
sleeve (also termed flow collar) design in erosion control, valve outlet erosion
protection, seating integrity, and fluid energy control features.

A typical prior art choke valve (cage valve) is shown in Figure 1. The prior art
flow trim typically includes an external tubular throttling sleeve (flow collar) that slides
over the cage. The sleeve acts to reduce or increase the area of the flow ports. An
actuator, such as a threaded stem assembly, is provided to bias the sleeve back and
forth along the cage. The rate that fluid passes through the flow trim is dependent on

the relative position of the sleeve on the cage and the amount of port area that is
revealed by the sleeve.

Maintenance on the deep sub-sea wellhead assemblies cannot be performed
manually. An unmanned, remotely operated vehicle, referred to as an “BOV”, is used
to approach the wellhead and carry out maintenance functions. To aid in servicing sub-
sea choke valves, such choke valves have their internal components, including the flow
trim, assembled into a modular sub-assembly. The sub-assembly is referred to as an
‘insert assembly” and is inserted into the choke valve body and clamped into position.

The choke valve “sees” or experiences relatively high and relatively low fluid
pressures. More particularly, the fluid flowing in through the valve body inlet from the
well has a high pressure. When the fluid passes through the restrictive cage flow ports
It undergoes a considerable pressure drop. Thus, the fluid passing through the cage
bore and the valve body outlet is at a lower pressure than that in the body inlet.
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SUMMARY OF THE INVENTION

According to one aspect of the invention, there is provided a valve having a fluid
flow path extending therethrough which is to be restricted or closed, comprising:

a hollow valve body assembly having an inlet bore and an outlet bore
substantially at right angles and a main bore which is an extension of the outlet bore
and which communicates with the inlet bore;

a flow trim positioned in the main bore, the flow trim comprising a stationary
tubular cage and an external flow collar slidable along the side wall of the cage, the
cage side wall forming an internal bore aligned with the outlet bore and at least a pair of
diametrically opposed main flow ports, whereby fluid enters the valve through the inlet
bore, passes through the main flow ports at reduced pressure and continues through
the outlet bore;

a bonnet disengagably connected with, and closing, an upper end of the valve
body;

a stem for biasing the external flow collar over the main flow ports; and

the external flow collar being located within the main bore for movement between
a fully closed position wherein each of the main flow ports is fully covered by the
external flow collar and a fully open position wherein each of the main flow ports
remains partially covered by the external flow collar such that fluid flow from the inlet
bore through the main flow ports is directed angularly into the external flow collar away
from the outlet bore to reduce erosion at the outlet bore.

The invention extends to multiple embodiments to limit the movement of the
external flow collar such that each of the main flow ports remain partially covered by the

flow collar in the fully open position. Exemplary embodiments include one or more of
the following arrangements:

) locating or sizing each of the main flow ports on the cage such that it
remains partially covered by the flow collar in the fully open position;

4
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i) locating the cage relative to the external flow collar such that each of the
main flow ports remains partially covered in the fully open position;

i) locating or sizing the external flow collar relative to the cage and the main
flow ports such that each of the main flow ports remains partially covered
in the fully open position; and

iv) including a stop mechanism to limit the travel of the stem and the external
flow collar such that each of the main flow ports remains partially covered
in the fully open position.

According to another aspect of the invention, the valve is adapted to have
retrievable valve internals for sub-sea applications. As such the valve is preferably
arranged as follows:

the inlet bore and the outlet bore are arranged in a T-shape to provide a body
side inlet, a body outlet and an insert chamber at the intersection of the body side inlet
and the body outlet; and

the tubular sleeve and the flow trim are arranged as a removable insert assembly
positioned in the insert chamber, the insert assembly comprising:

i. a tubular cartridge having a side wall forming an internal bore and at least one
side port communicating with the body side inlet, whereby fluid enters through the at
least one side port from the body side inlet;

ii. the flow trim positioned in the cartridge internal bore, the flow trim comprising
the tubular cage aligned with the body outlet, and the external flow collar slidable along
the side wall of the cage, the cage side wall forming the pair of diametrically opposed
main flow ports located to overlap the intersection of the axes of the body side inlet and
the body outlet, and aligned with the at least one side port of the tubular cartridge to
communicate directly with the side port, whereby fluid from the body side inlet may
enter the cage bore at reduced pressure and pass through the body outlet;

lii. the bonnet disengagably connected with, and closing, the upper end of the
tubular cartridge and the body;

Iv. the stem to bias the flow collar over the main flow ports; and
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v. the external flow coliar being located within the tubular cartridge for
movement between a fully closed position wherein the main flow ports are fully covered
by the external sleeve and a fully open position wherein each of the main flow ports
remain partially covered by the external flow collar such that fluid flow from the body
side inlet through the main flow ports is directed angularly into the external flow collar
away from the body outlet to reduce erosion at the outlet bore.

The invention also broadly extends to components of the valve of the present
invention, including the flow trim components and the retrievable valve components
adapted as a removable insert assembly for sub-sea applications.

The invention also extends to a method of reducing erosion at the valve body
outlet of a valve of a cage-with-external-sleeve flow trim design.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side sectional view of a choke valve of the prior art showing an the
external flow collar of the flow trim in the fully open position wherein the main flow ports
are fully uncovered such that fluid flow from the inlet through the diametrically opposed
main flow ports is directed parallel to the inlet axis.

Figure 2 is a side sectional view of the choke valve of the present invention, in
which the external flow collar of the flow trim in the fully open position partially covers
each of the main flow ports such that fluid flow from the inlet through the diametrically
opposed main flow ports is directed angularly into the flow collar away from the outlet to
reduce erosion at the outlet.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein and in the claims, the word "comprising" is used in its non-limiting

6
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sense to mean that items following the word in the sentence are included and that items
not specifically mentioned are not excluded. The use of the indefinite article "a" in the
claims before an element means that one of the elements is specified, but does not
specifically exclude others of the elements being present, unless the context clearly
requires that there be one and only one of the elements.

The cage valve of the present invention is illustrated in Figure 2 to be a choke
valve of the internal cage, external sleeve or flow collar design. To best contrast the
invention, a prior art valve similar to that of present invention, but without the improved
flow trim components to direct fluid flow away from the outlet in the fully open position,
is shown in Figure 1, with like elements being similarly numbered in both Figures.

Turning to Figure 2, the choke valve of the invention is generally shown at 10 to
include a hollow valve body 12, body side inlet 14 and body outlet 16. The hollow valve
body 12 forms a bore which extends therethrough providing side inlet bore 18 having an
inlet bore axis 20 (centre axis), a bottom outlet bore 22 having outlet bore axis 24
(centre axis). The bores 18, 22 intersect at right angles (i.e., are generally T-shaped),
forming a main bore 26 at the intersection. The main bore 26 is an extension of the
outlet bore 22, but also communicates with the inlet bore 18.

Flow trim components 28 are shown to be located in the main bore 26, including
a stationary cage 32 which is tubular and substantially open-ended, and an external
throttling cylindrical sleeve or flow collar 36 adapted to slide along the outer side wall of
the upstream end of the cage 32. The flow collar 36 is closed at its upper end
(upstream end) and typically includes an inner liner 37 formed of hard, erosion resistant
material. The cage 32 has a side wall which forms an internal bore that communicates
and is substantially aligned with the outlet bore 22. The side wall of the cage 32 also
forms at least a pair of diametrically opposed main flow ports 34, and preferably at least
a pair of diametrically opposed smaller, secondary flow ports 35. The secondary flow
ports 35 have a smaller diameter than that of the main flow ports 34, and are positioned
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with their axis (i.e., an axis through the midpoint of the ports) which is rotated or offset
by 90° from the axis of the main flow ports 34. The secondary ports 35 are positioned
closer to the body outlet 16 than are the main flow ports 34. The main flow ports 34,
being larger in diameter, accommodate a majority (i.e., more than 50%) of the fluid flow
from the inlet 14. Preferably, the main flow ports 34 are arranged as diametrically
opposed pairs, such as 1, 2 or 3 pairs. The main flow ports 34 are circumferentially
spaced and are circumferentially aligned on the cage 32 (i.e., their midpoints are
equally spaced in a circle around the circumference of or the cage). Most preferably,
there is only one pair of main flow ports 34, and one pair of secondary flow ports 35 (as
shown in Figure 2), with port diameters such that the main flow ports accommodate
greater than about 80% of the fluid flow from the inlet 14, such as about 85%, with the
secondary flow ports 35 handling the rest.

The flow collar 36 is connected to a stem/bonnet assembly 40 for closing the
upper end of the valve body 12 (i.e., the end opposite the outlet 16) and for advancing
or withdrawing the flow collar 36 to slide across the ports 34, 35 to close them or open
them as described below. The flow trim components 28 are preferably made of an
erosion resistant hard material such as tungsten carbide or Stellite™.

The main bore 26 is formed to be larger in diameter than the outlet bore 22 in
order to house, seat and seal the flow trim components 28 therein. A cylindrical seat 41
IS positioned at the lower end of the main bore 26, and sealed to the valve body 12 in
the main bore 26 with seat seal 42. The stationary cage 32 is held at its lower end
within the inner diameter of the seat 41, and carries a cage seal 44 at its lower end to
seal to the valve body 12. A seat inert member 46 is seated in the inside diameter of
seat 41. This seat insert member 46 is preferably formed of erosion resistant material
such as tungsten carbide and serves multiple purposes. The seat insert member 46
protrudes inwardly to the cage 32 above a widened retaining shoulder 48 of the cage
32, thereby retaining the cage 32 within the main bore 26. As well, the seat insert
member 46 forms a seat for the flow collar 36, when the flow collar 36 is in the fully

T T A
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closed position covering the main and secondary flow ports 34, 35. A retaining sleeve
50 is preferably positioned in the main bore 26 between the seat 41 and the
stem/bonnet assembly 40. The flow trim 28 is positioned within the retaining sleeve
50. The retaining sleeve 50 extends transversely over the inlet bore 18, and has its
bore 54 aligned with the outlet axis 24. The sleeve 50 includes at least one sleeve side
port 52 into the sleeve bore 54, the side port 52 preferably being aligned with the inlet
bore. In alternate embodiments, the sleeve side port 52 and main flow ports 34 may be
offset relative to the inlet bore 18 for fracture prevention from debris moving d0wn the
inlet, as is described in US Patent Publication No. 2006/0163517.

The stem/bonnet assembly 40 is shown to include a stationary bonnet member
56 extending into the main bore 26, and carrying bonnet-body seal 58. Housed within
the bonnet member 56 is threaded stem member 60. The stem 60 and bonnet 56 are
sealed though stem-bonnet seal 62 and stem bushing 64. The stem 60 is designed for
axial movement, the result of rotational movement of the upper stem nut 68 on the
threaded section of the stem 60, initiated for example by rotating the handle 66 at its
upper end. The stem 60 is connected and sealed to the flow coliar 36 at its lower end
in a known manner to impart translational movement to the flow collar 36 for ope'ning
and closing the valve 10. Key member 65, positioned between the stem 60 and the
bonnet 56, prevents rotational movement of stem 60 within the bonnet 56, while
permitting translational movement to be imparted to the flow collar 36. The upward

movement of the stem 60, and thus the flow collar 36, is limited when stem shoulder 70
hits the stem nut 68. Alternate stem stop mechanisms may be used to limit upwarad

stem movement to prevent fully uncovering the main flow ports 34. The bonnet 56 is
connected at its upper end to bonnet flange 72, which retains the bonnet 56 and closes
the upper end of the main bore 26. The flange 72 is bolted to the valve body 12
through cap screws 74. Alternate mechanisms for closing the valve body 12, and for
actuating the flow collar 36 for translational movement are well known in the art, such
as hydraulic actuators.
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In the embodiment of the invention illustrated in Figure 2, at the full upward
movement of the stem 60 (i.e., when the stem shoulder 60 hits the stem nut 68), the
flow collar 36 still partially covers the upper part of the main flow ports 34 (i.e., the part
most distant from the body outlet 16), preferably by leaving between about 5 and 15%
of the main flow port diameter covered in the full open position. More preferably, the
flow collar 36 leaves 8 to 12% of the flow port diameter covered, and most preferably,
the flow collar 36 leaves 9 to 10% of the flow port diameter covered in the full open
position. With the flow being throttled with an external flow collar 36 in this manner, the
maijority of the fluid flow from the body inlet 14 through the main flow ports 34 has been
found to be directed angularly upwardly into the flow collar chamber 76 (defined by the
bore of the cylindrical flow collar 36), and thus away from the body outlet 16 (or outlet
bore 22). With this arrangement, it has been found that erosion is reduced to
components located downstream of the cage 32 (i.e., proximate or downstream of the
area marked at 78 in the Figures). It has also been found that erosion is reduced to the
portion of the valve body located at the outlet of the main bore 26 into the outlet bore
22,

Without being bound by same, it is believed that this flow trim/main flow port
arrangement of this invention has the effect of directing the vena contracta (i.e., flow
restriction on exit from restriction of main flow ports) upwardly away from the body
outlet in the fully open position. This is a more preferred situation as the fluid exiting
the vena contracta is normally at a very high velocity, so the flow trim components,
formed of hard materials such as tungsten carbide, can better manage this high velocity
flow than can the valve body at the valve body outlet, which is made of less hard grades
of carbon steel.

This is to be contrasted to the fluid management in the prior art arrangement of
Figure 1 where, in the full open position, with the main flow ports 34 fully uncovered, the
fluid flow through the main flow ports 34 is directed parallel to the inlet axis 20 ana
perpendicular to the outlet axis 24 (see arrows to show this fluid flow through the main

10
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flow ports). This results in direct impingement of the fluid exiting the opposing main
flow ports 34. There are two consequences of this prior art flow regime. Firstly, the
hydrostatic restriction of the directly opposing fluid jets significantly reduces the overall
valve capacity (Cv). Secondly, some of the fluid is directed downwardly toward the
outlet area 78 in this turbulent regime, causing erosion at this portion of the valve outlet.

Thus, the choke valve 10 of Figure 2, by drawing the turbulent flow upwardly into
the flow collar chamber 76, has the dual advantage of reducing erosion at the outlet,
and allowing for increased valve capacity (Cv). These advantages' are not possible in
choke valves of the internal plug design. While the internal plug may allow for the cage
and port to be enlarged for higher valve capacities, the presence of the internal plug in
the downstream portion of the cage bore blocks this part of the flow trim, preventing
fluid flow from being pulled upwardly in the cage bore, away from the outlet. The flow

collar design of the present invention presents an upstream flow collar chamber 76

within the bore of the flow collar 36, to allow for this upward movement of the turbulent

flow, provided the flow collar 36 does not fully uncover the main flow ports 34 in its full
open position.

While the valve as described above is seen to exemplify one means for limiting
the movement of the flow collar (stop shoulder 70 on threaded stem 60) such that each
of the main fiow ports 34 remain partially covered by the flow collar 36 in the fully open
position, the invention extends to alternate means for achieving this end. For instance,
alternate stop mechanisms to limit the travel of the stem 60 and external flow collar 36
in the full open position may be incorporated. Alternatively, the flow trim components

28 and/or the main flow ports 34 may be sized and/or oriented relative to each other in
a manner such that:

) the main flow ports are sized or located on the cage such that they each
remain partially covered by the flow collar in the fully open position;
i) the cage may be located relative to the external flow collar such that each

11
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of the main flow ports remain partially covered in the fully open position;
and

ii) the external flow collar may be sized or located relative to the cage and
the main flow ports such that each of the main flow ports remain partially

covered in the fully open position.

Although not shown, the invention may also include inwardly extending
protuberances to deflect flow toward the main flow ports 34 of the cage 32, as
described in US Patent Publication No. 2006/0163517 and US Patent 6,105,614.

While not shown in the present figures, the flow trim and stem/bonnet assembly
of the present invention may be positioned as an insert assembly wherein the flow trim
is held within a removable tubular cartridge in the main bore for sub sea applications,
such as shown in prior art including US Patent Publication No. 2006/0163517 or US
Patent 4,540,022.

Example

In a test of the valve as shown in Figuré 2, in which the main flow ports had
diameters of 0.625 inches, and the fluid flow included 2% sand to accelerate erosion
over an 8 hour test period, operating with the flow collar positioned such that 3/16
inches of the main flow port diameter remained covered by the flow collar, wear of a
wear sleeve inserted at the valve body outlet from the main bore was greatly reduced
compared to a similar valve operated with the flow collar in the full open position in
which the main flow ports having diameters of 0.500 inch were in a fully uncovered
position. At these flow collar positions, the pressure drop across the two valves were
the same. The wear sleeve in the valve of Figure 2 had a weight reduction of 2.46%,
while the wear sleeve in the prior art valve had a weight reduction of 8.10%. The valve
capacity (Cv) for the valve of Figure 2 was increased to 14, compared to a valve

capacity (Cv) of 10 for the prior art valve, both being in their fully open positions. The

12
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fully open position for the test valve left 1/16 inches of the main flow port diameter

covered by the flow collar.

All references mentioned in this specification are indicative of the level of skill in
the art of this invention. If any inconsistency arises between a cited reference and the
present disclosure, the present disclosure takes precedence. Some references
provided herein provide details concerning the state of the art prior to the filing of this
application, other references may be cited to provide additional or alternative device

elements, additional or alternative materials, additional or alternative methods of

analysis or application of the invention.

13
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Claims:

1. A valve having a fluid flow path extending therethrough which is to be restricted
or closed, comprising:

a hollow valve body assembly having an inlet bore and an outlet bore
substantially at right angles and a main bore which is an extension of the outlet bore
and which communicates with the inlet bore;

a flow trim positioned in the main bore, the flow trim comprising a stationary,
open-ended tubular cage and an external cylindrical flow collar slidable along the outer
side wall of the cage, the external flow collar forming a bore and being closed at an
upstream end to form a flow collar chamber in the bore of the external flow collar, the
cage side wall forming an internal bore aligned with the outlet bore and at least a pair of
diametrically opposed main flow ports, whereby fluid enters the valve through the inlet
bore, passes through the main flow ports at reduced pressure and continues through
the outlet bore;

a bonnet disengagably connected with, and closing, an upper end of the valve
body;

a stem for biasing the external flow collar over the main flow ports; and

the external flow collar being located within the main bore for limited movement
between a fully closed position wherein each of the main flow ports is fully covered by
the external flow collar and a fully open position wherein each of the main flow ports
remains partially covered by the external flow collar with between 5% and 15% of the
diameter of each of the main flow ports at an upper part of the main flow ports
remaining covered in the fully open position, such that fiuid flow from the inlet bore
through each of the main flow ports is directed angularly into the flow collar chamber of
the external flow collar away from the outlet bore to reduce erosion at the outlet bore

without reducing the flow capacity of the valve in the fully open position.

2. The valve of claim 1, wherein between 8% and 12% of the diameter of each of

the main flow ports remains covered by the external flow collar in the fully open

14
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position.

3. The valve of claim 1, wherein between 9% and 10% of the diameter of each of

the main flow ports remains covered by the external flow collar in the fully open

position.

4. The valve of claim 1, wherein there are 1, 2 or 3 pairs of diametrically opposed
main flow ports circumferentially spaced such that their midpoints are circumferentially
aligned on the cage, and located such that they overlap an intersection of the centre

axes of the inlet bore and the outlet bore.

5. The valve of claim 4, wherein there is one pair of diametrically opposed main
flow ports.
0. The valve of claim 4, which further comprises a tubular sleeve positioned in the

main bore across the inlet bore and forming at least one side port communicating with
the inlet bore, the flow trim being positioned within the tubular sleeve, and wherein the

bonnet closes the upper end of both the valve body and the tubular sleeve.

7. The valve of claim 6, wherein the at least one side port is aligned with the inlet
bore, and wherein one pair of the diametrically opposed main flow ports has an axis

through their midpoints that is parallel to the centre axis of the inlet bore.

8. The valve of claim 7, wherein:
the inlet bore and the outlet bore are arranged in a T-shape to provide a body
side inlet, a body outlet and an insert chamber at the intersection of the body side inlet

and the body outlet; and
the tubular sleeve and the flow trim are arranged as a removable insert assembly

positioned in the insert chamber, the insert assembly comprising:
. a tubular cartridge having a side wall forming an internal bore and at least one

15
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side port communicating with the body side inlet, whereby fluid enters through the at

least one side port from the body side inlet;
ii. the flow trim positioned in the cartridge internal bore, the flow trim comprising

the tubular cage aligned with the body outlet, and the external flow collar slidable along
the outer side wall of the cage, the cage side wall forming the pair of diametrically
opposed main flow ports located to overlap the intersection of the axes of the body side
inlet and the body outlet, and aligned with the at least one side port of the tubular
cartridge to communicate directly with the at least one side port, whereby fluid from the
body side inlet enters the cage bore at reduced pressure and pass through the body

outlet;
iii. the bonnet disengagably connected with, and closing, the upper end of the

tubular cartridge and the body;

iv. the stem for biasing the flow collar over the main flow ports; and

v. the external flow collar being located within the tubular cartridge for limited
movement between a fully closed position wherein each of the main flow ports is fully
covered by the external flow collar and a fully open position wherein each of the main
flow ports remains partially covered by the external flow collar with between 5% and
15% of the diameter of each of the main flow ports at an upper part of the main flow
ports remaining covered in the fully open position, such that fiuid flow from the body
side inlet through each of the main flow ports is directed angularly into the flow collar
chamber of the external flow collar away from the body outlet to reduce erosion at the

outlet bore without reducing the flow capacity of the valve in the fully open position.

9. The valve of claim 7, further comprising:

at least a pair of diametrically opposed secondary flow ports formed in the side
wall of the cage, the secondary flow ports having a smaller diameter than that of the
main flow ports and each pair of secondary flow ports being positioned with an axis
which is offset by 90° from the axis of the main flow ports and closer to the body outlet

than are the main flow ports.
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10. The valve of claim 9, further comprising:
protuberances extending inwardly into the internal bore of the tubular sleeve or

cartridge from the side wall of the tubular sleeve or cartridge and being aligned with one
or both of the main and secondary flow ports, so that fluid moving through an annulus
formed between the flow trim and the tubular sleeve or cartridge is deflected inwardly

by the protuberances to enter the cage through main flow ports.

11.  The valve of claim 9, comprising only one pair of main flow ports sized to

accommodate at least 80% of the fluid flow from the inlet, and only one pair of

secondary flow ports.

12.  The valve of claim 1 wherein, to limit the movement of the external flow collar
such that each of the main flow ports remains partially covered by the flow collar in the
fully open position, the valve includes one or more of the following arrangements:

) each of the main flow ports being located or sized on the cage such that
each of the main flow ports remains partially covered by the flow collar in the fully open
position;

i) the cage being located relative to the external flow collar such that each of

the main flow ports remains partially covered in the fully open position;
i) the external flow collar being located or sized relative to the cage and

each of the main flow ports such that each of the main flow ports remains partially

covered in the fully open position; and
V) a stop mechanism to limit the travel of the stem and the external flow

collar such that each of the main flow ports remains partially covered in the fully open

position.

13. A method of reducing erosion in a valve having a fluid flow path extending
therethrough which is to be restricted or closed, the valve being of the type which
comprises a hollow valve body assembly with an inlet bore and an outlet bore
substantially at right angles and a main bore which is an extension of the outlet bore
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and which communicates with the inlet bore; a flow trim positioned in the main bore, the
flow trim providing a stationary tubular cage and an external flow collar slidable along
the side wall of the cage, the cage side wall forming an internal bore aligned with the
outlet bore and at least a pair of diametrically opposed main flow ports, whereby fluid
enters the valve through the inlet bore, passes through the main flow ports at reduced
pressure, and continues through the outlet bore; a bonnet disengagably connected
with, and closing, an upper end of the valve body; and a stem for biasing the external
sleeve over the main flow ports, the method comprising:

configuring the flow trim such that the tubular cage is open-ended and the
external flow collar slides along the outer side wall at an upstream end of the tubular
cage, the external flow collar forming a bore and being closed at its upstream end to
form a flow collar chamber in the bore of the external flow collar; and

locating the external flow collar within the main bore for limited movement
between a fully closed position wherein each of the main flow ports is fully covered by
the external flow collar and a fully open position wherein each of the main flow ports
remains partially covered by the external flow collar with between 5% and 15% of the
diameter of each of the main flow ports at an upper part of the main flow ports
remaining covered in the fully open position, such that fluid flow from the inlet bore
through each of the main flow ports is directed angularly into the flow collar chamber of
the external flow collar away from the outlet bore to reduce erosion at the outlet bore

without reducing the flow capacity of the valve in the fully open position.
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FIG. 1
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