ADVANCED FLUI DI CS GATE VALVE W TH ACTI VE FLOW CONTROL FOR SUBSEA

APPLI CATIONS Field of the Invention, This invention relates in general to
production of oil and gas wells, and in particular to a valve, that when
closing, diverts a portion of fluid flow ng through the valve to reduce
resistance to closing the valve. Description of Related Art Wl |l heads used
in the production of hydrocarbons extracted from subterranean formations
typically conprise a well head assenbly attached at the upper end of a
wel | bore fornmed into a ﬁg% car bon producing formatiaon. head senbl i es
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into the wellbore. The casinggljhRes APeLelrhorg. thereby isolating the
wel I bore fromthe surrounding formation. The tubing typically lies

concentric within the casing and provides a conduit for producing the
hydr ocditidnéthednraiingd within the fbrmation. Wl | head assenblies al so
typically include a well head housi ng adj acent where the casing and tubing

enter the wellbaremand @ne?a(lqgg%duetnoﬁ 5€&1 a;cpgastmlswa{d llaelﬁﬁléa%% agalvarhe

production tree is co to control and distribute the flu

pr oducebktfwiom ¢lbmng/,\eiwdnt§raep<amdn sélflect flyelng throogh dee F4lud ¢ mdmmmamﬁbw or
access E ggg V%ibmg casi ng, and/or annul uses between the tubing and

easi ng. $V4¢%enbl i es are typically provided within wellhead production
trees for controlling fluid fl ow across a wel | head, such as production fl ow
from t He=sbostehalf®ebnedcArtcul ating fluid flow in and out of a wellhead. Gate
val ves and ot her sliding stemtype valves have a val ve menber or disk that

is actuyated $ se novi n emto ert/renopve the.va
rorbor THAGPRY 85 Chels POGIOM PO i 6T o Bp Arieon FRE FBRHeh aal .
Summar yy@taltyh@ntpghse ratwamea@bminageﬁtdaﬂé@mhe SipPerVeli e 2 sieddd Yorndehaditoian an
exanpl e enbodi nent is nade up of housi ng
hydrocarbon producing formation. Wellhead assembhes usually provide support hangers for
suspending production tubing and casing into the wellbore. The casing lines the wellbore,
thereby isolating the wellbore from the surrounding formation. The tubing typically lies
concentric within the casing and provides a conduit for producing the hydrocarbons entrained

within the formation.

Wellhead assemblies also typically include a wellhead housing adjacent where the casing and
tubing enter the wellbore, and a production tree atop the wellhead housing. The production tree
is commonly used to control and distribute the fluids produced from the wellbore and selectively
provide fluid communication or access to the tubing, casing, and/or annuluses between the
tubing and casing. Valves assemblies are typically provided within wellhead production trees for
controlling fluid flow across a wellhead, such as production flow from the borehole or
circulating fluid flow in and out of a wellhead. Gate valves and other sliding stem-type valves
have a valve member or disk that is actuated by selectively moving the stem to insert/remove the

valve member into/from the flow of fluid to stop/allow the flow when desired.
Summary of the Invention:

Disclosed herein is a valve assembly, that in an example embodiment is made up of a housing
with a cavity inside and a flow passage through the housing that intersects the cavity. The valve

assembly also includes a gate that slides within the cavity into a selectively open and/or closed
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with a cavity inside and a fl ow passage through the housing that intersects
the cavity. The valve assenbly also includes a gate that slides wthin the
cavity into a selectively open and/or closed position. The gate has a bore
formed therethrough that registers with the fl ow passage when the gate is
in the open position. The gate also has a fluidic, passage forned therein
ext endi ng between the upstream side of the gate and the bore. Thus, when
the gate is being noved froman open to a closed position and fluid is

fl ow ng through the valve assenbly, a portion of the fluid passes into the
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gate facing the upstreamflow |line and a side of the bore proximte the
downstream flow I ine. The fluidic passage can have an outlet formed al ong a
path directed towards a space where the flow path transitions into the
downstream flow | i ne when the gate is-alnost: closed. Optionally, the
fluidic passage has an outlet fornmed along a path directed towards a side
of the bore distal fromwhere the fluidic channel intersects the bore.

Brief Description of the Draw ngs:




Figure 1 is a side partial sectional schematic view of an exanple

enbodi nent of a wel | head assenbly having a val ve assenbly in accordance
with the invention. Figure 2 is a side sectional view of an exanple

enbodi mrent of the valve assenbly of Figture 1 in an open. position.. Figure
3 is a side sectional view of the valve assenbly of Figure 2 in a closed
position. Figure 4 is a perspective view of an exanpl e enbodi nent of a gate
for use in the valve assenbly of Figure 2, Detailed Description of the
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Figure 2 is a side sectional view of an example embodiment of the valve assembly of Figture 1 in

an open position.
Figure 3 is a side sectional view of the valve assembly of Figure 2 in a closed position.

Figure 4 is a perspective view of an example embodiment of a gate for use in the valve assembly

of Figure 2.

Figure 5 is a side sectional view of an alternative embodiment of the valve assembly of Figure 2.



production flow |l ine for receiving produced fluids fromthe production
tubing 20 and directing the fluids for processing and/or delivery. Figure 2
illustrates an exanpl e enbodi nent of a valve assenbly 32 that in an exanple
enbodi nent can be one of the swab valve 22, or the wing valves 26, 30. In
the exanple of Figure 2, the valve assenbly 32 is shown connected with an
upstream |line 33 that connects to a fl ow passage 34 within the val ve
assenbly 32. The interface between the upstreamline 33 and fl ow passage 34
defines an upstream side of the flow passage 34. Simlarly, a downstream

I i ne 35D¢tsilsHownrigidnadhiedinogmtansi de of the fl ow passage 34 opposite the
upstream |ine 33. The interface between the fl ow passage 34 and downstream

line 35 . defines a downstream side of the valve assenh 32. val ve housi ng
o bodyF FBNFEs ARERNEH AT EHe: JaruretaLibr 5 SSTardrRg 1Y hespiraper ¢ he
val ve housidigeR8 tb Shealtc&hphgabalr-mpmben dhispossddigenenal inswpernendingidl ar to
the upstream and downstreamflow lines 33, 35. A cavity 38 is forned within
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pat h sulss parnvided| doythpethpedieilcukawilivibt hhanugxisl dmpleak, ihiewlll évity toresy 33, 35.
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40 proxi mate the upstream side o oW passage e fluidic passage
44 of Figure 2 is fornmed along a path substantially oblique to the axis Ax.
The f1 Ji dite bpawdeageod thahdes sabjdovaishe parang daclosure aundtdimitddnatthé etaet seaitss

bore 42 .cl r t he downstream side 52 of .the valv ate 40.than the
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gate 4 nner n selectively nove the bore 42 in and out of
registration with the fl ow passage 34.
Figure 1 is a partial sectional side schematic view of a wellhead assembly 10 shown set above a

wellbore 12 that intersects a formation 14. Also included is a wellhead housing 16 depicted
anchored on a surface 18 above the formation 14. Example embodiments exist where the surface
18 is subsea as well as on land. A production tree 19 is coupled atop the wellhead housing 16
wherein production tubing 20 is shown extending through the wellhead housing 16 and
production tree 19. A swab valve 22 and a master valve 23 are shown provided in the
production line 20 and may be used, individually, or in combination, for selectively regulating
flow through the production line 20. Shown laterally extending from a side of the production
tree 19 is a line 24 having a wing valve 26 within the line 24. In this example, the line 24 can be
used for accessing various annuluses within the wellbore 12 defined by concentrically disposed
strings of casing and tubing (not shown). Also laterally extending from the production tree 19 is

a line 28 having a wing valve 30 set in line. In the example of Figure 1, the line 28 is a



An annul ar val ve seat 50 is shown provided in the valve body 36 and.

adj acent where the upstreamline 33 interfaces with the fl ow passage 34.
Anot her annul ar val ve seat 52 is shown in the val ve body 36, but adjacent
where the downstreamline 35 interfaces with the fl ow passage 34. The val ve
seats 50, 52 provide a sealing surface between flow through the val ve
assenbly 32 and the respective upstream and downstream si des 54, 56 of the
val ve gate 40. In the enbodi nent of Figure 2, the bore 42 is registered
with the flow passage 34 to define a flomgath 58 through t he val ve assenbly
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44, Al sp, shown in this enbodinent is the |argely planar shape of the valve
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end of the valve gate 40. Al so evident in this enbodinent is how the bore
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an alternative enbodi nent of the valve assenbly 32A, as shown in Figure 5,
a fluidic channel 44A is illustrated that intersects the bore 42 at an
angle so that fluid exiting the fluidié channel 44A is directed within, the
bore 42 and towards a side of the bore 42 opposite fromthe interface of
the fluidic channel 44 in the bore 42. In this exanple, directing the
bypass fluid in this manner towards the opposite side of the bore 42,

rather than the outlet of bore 42 as in Figure 3, creates a pressure
differential across the valve gate 40A to urge it in a closing direction,

t hereby assisting closing of the valve assenbly 32A. The angle of the
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VWil e the invention has been shown or described in only sonme of its forns,
it should be. apparent to those skilled in the art that. it is not so
limted but is susceptible to various changes w thout departing fromale
scope of the invention. For exanple, passages 44, 44A. can be curvilinear
a.s well as substantially linear. Additionally, enbodinents of the valve
assenbly 32 nmay exist that do not include a body 36 so that the upstream
and downstream sides 54, 56 of the valve gate 40 are in contact with a
fluid different fromthe fluid flow ng through the valve assenbly 32. In

this exdidplie, vadyepiagnar wahiapee cavasyis 8( nodkcipshawny (1 Re s avinded hhdk: sgal s
agai nst the upstreamside 54 of the gate 40 to prevent the different fluid
from erFFt?F'il PR Padegt nand oppiregisiiagion polehs Rewdameseibl y 12wel | bore 14

formatic 16 wel | head housi ng 18surface
An annular valve seat 50 is shown provided in the valve body 36 and adjacent where the

upstream line 33 interfaces with the flow passage 34. Another annular valve seat 52 is shown in
the valve body 36, but adjacent where the downstream line 35 interfaces with the flow passage
34. The valve seats 50, 52 provide a sealing surface between flow through the valve assembly

32 and the respective upstream and downstream sides 54, 56 of the valve gate 40.

In the embodiment of Figure 2, the bore 42 is registered with the flow passage 34 to define a
flowpath 58 through the valve assembly 32. As such, when fluid flow is introduced into the
upstream side 33, the flow can pass through the valve assembly 32 and to the downstream line 35
largely unaffected by the presence of the valve assembly 32. This is because the flowpath 58
through the valve assembly 32 of Figure 2 has a cross sectional area that remains substantially

the same through the flow lines 33, 35 and the flow passage 34.

Referring now to Figure 3, an example embodiment is illustrated wherein the actuator 48
selectively moves the valve gate 40 laterally within the cavity 38, thereby moving the bore 42
out of full registration with the flow passage 34, but not completely closed. A gap 58A remains
between bore 42 and the passages 33, 34 for fluid to flow from upstream of the passage 33 to
downstream of the passage 34. This example configuration illustrated in Figure 3, reduces the
cross sectional area of the flowpath 58A through the valve assembly 32 over that of Figure 2. As
a result, pressure drop and flow velocity through the valve assembly 32 increase. In prior art
valve assemblies, an increase in pressure drop and flow velocity may rise to levels where it
hinders closing of the valve. For example, the low pressure in the gap S8A may cause a
backflow of fluid from higher pressure areas in opposition to the flowpath 58. Moreover, high
pressure drop can cause associated drops in temperature during closing, either through gas

expansion or liquid vaporization, that may ultimately prevent closing of the valve.

When gate 40 is in the almost closed position of Figure 3, the inlet passage 44 is in
communication upstream of the flow passage 33. The outlet passage 44 communicates with the
gap 58A. A portion of the upstream flow contacting the valve upstream side 54 is then diverted

into the fluidics passage 44, where it is then directed into a portion of the bore 42 proximate the

6
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valve downstream side 56. This provides an additional path for higher pressure fluid on the valve
upstream side to flow to the gap 58A, thereby, increasing the pressure in the gap S58A.
Increasing the pressure in the gap 58A proximate where the flowpath 58 through the valve
assembly 32 intersects the downstream line 34 reduces flow from the upstream line 33 into the
gap 58A, that in turn lowers flow velocity in the flow passage 34 to mitigate pressure drop and
cooling therein. As such, the resistive force experienced by closing a valve is alleviated. When
the valve gate 40 is fully closed the bore 42 is no longer in registration with the flow passage 34
thereby blocking all communication between the upstream flow line 33 and exit of the fluidic
passage 44 with the downstream flow line 35. As such, when the valve gate 40 is closed, fluid

will not flow through the fluidic passage 44.

Referring now to Figure 4, shown in a perspective view is an example embodiment of the valve
gate 40. Here, the bore 42 is illustrated passing from one side of the valve gate 40 to the other
and being intersected by an end of the fluidic passage 44. Also shown in this embodiment is the
largely planar shape of the valve gate 40. A portion of the stem 46 is shown attached on an
upper connection end of the valve gate 40. Also evident in this embodiment is how the bore 42
is offset from the mid portion of the valve gate 40 leaving a substantially solid configuration on
the portion of the valve gate 40 distal from the attachment to the stem 46. It is through the solid
portion of the valve gate 40 of Figure 4 where the fluidic passage 44 is formed.

In an alternative embodiment of the valve assembly 32A, as shown in Figure 5, a fluidic channel
44A is illustrated that intersects the bore 42 at an angle so that fluid exiting the fluidic channel
44A is directed within the bore 42 and towards a side of the bore 42 opposite from the interface
of the fluidic channel 44 in the bore 42. In this example, directing the bypass fluid in this
manner towards the opposite side of the bore 42, rather than the outlet of bore 42 as in Figure 3,
creates a pressure differential across the valve gate 40A to urge it in a closing direction, thereby
assisting closing of the valve assembly 32A. The angle of the passage 44A relative to the
upstream side of the gate 40A is less than the passage 44 of Figure 3. In the embodiment of
Figure 3, the outlet of the passage 44 is approximately equidistant between the upstream and
downstream sides of the gate 40A. A straight line extending from channel 44A would contact

the opposite side of the bore 44A near the intersection with the downstream side of the gate 40A.
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While the invention has been shown or described in only some of its forms, it should be apparent
to those skilled in the art that it is not so limited, but is susceptible to various changes without
departing from the scope of the invention. For example, passages 44, 44A can be curvilinear as
well as substantially linear. Additionally, embodiments of the valve assembly 32 may exist that
do not include a body 36 so that the upstream and downstream sides 54, 56 of the valve gate 40
are in contact with a fluid different from the fluid flowing through the valve assembly 32. In this
example, a planar shaped ramp (not shown) may be provided that seals against the upstream side

54 of the gate 40 to prevent the different fluid from entering the passage 44.
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a bore forned through the gate that registers with Ix fl ow passage when the
gate is in the open position; and a fluidic passage in the gate and
havi ng an entrance spaced fromthe bore so that at |east a portion of an
exterior surface of the upstreamside of the gate is between the entrance
and the bore, and an exit intersecting the bore, so that when fluid flows

t hr ougit val ve assenbly and the gate is noving into the closed position,
a portion of the fluid passes into the fluidic passage at the upstream side
and ex%&s the fluidic passage into the bore. The val ve assenbly of

cl ai m Whajpeslainedife bore is offset -fromthe mid portion of the gate and
the fluidic passage intersects the bore along a side proximate the md
portion: 3. Thealvaissemblyserrhbbysiad: claim 1, wherein an entrance to the bore
and entrance to the fluidic passage are copl anar, and wherein an interface
bet ween t heafbbusidg,c passage and the bore is configured so that fluid
entering the bore fromthe interface is directed oblique to an axis of the
fl ow passage. 4. The val ve assenbly of claim|l wherein an interface

bet ween t heafchuiyinchpassage and the bore is configured so that fluid
entering the bore fromthe interface, is directed proximte a gap between
the fl ow passage and the bore when the gate is al nost closed where the fl ow
passage regiagloer sasvigelfotniel thargh o kowdoywnst tieadvitg] de of the val ve body,

5. The valve assenbly of claiml, wherein an interface between the fluidic
passage and the bore is configured so that fluid entering the bore fromthe
interface i s gt gdolabl)y diop@edsn alre cppeshiteis skidetivdly lve/ehide efweaam dnhepen

i nterface. The val ve assenbly of claiml, wherein an interface

bet Wee?oiiﬁ&l fddh dioSedirsaraCahidenPsBedrd sk 98€ 5 dbAndrd@ynas;r eam si de of
the gate than an upstream si de.

a bore formed through the gate that registers with the flow passage when the gate is in

the open position; and

a fluidic passage in the gate and having an entrance spaced from the bore so that at
least a portion of an exterior surface of the upstream side of the gate is between the entrance
and the bore, and an exit intersecting the bore, so that when fluid flows through the valve
assembly and the gate is moving into the closed position, a portion of the fluid passes into the

fluidic passage at the upstream side and exits the fluidic passage into the bore.

2 The valve assembly of claim 1, wherein the bore is offset from the mid portion of the

gate and the fluidic passage intersects the bore along a side proximate the mid portion.

8. The valve assembly of claim 1, wherein an entrance to the bore and entrance to the
fluidic passage are coplanar, and wherein an interface between the fluidic passage and the
bore is configured so that fluid entering the bore from the interface is directed oblique to an

axis of the flow passage.
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The val ve assenbly of claim| wherein the fluidic passage has a di aneter

| ess than the dianeter of the bore. 8. A nethod of controlling flow through
a wel | head assenbly conpri sing: (a) directing the flow from an
upstreamflow line to a val ve assenbly that. conprises a valve body, a
cavity in the valve body, a flow passage through the body that intersects
the cavity, @dhgatlesesseciiwel siampVeabtren m nkafacabityeen dirdladisarassdgn aphe
gat e; (b) nmoving the gate away from an open position with the bore
regi st ethedow it hotheréd awhpassidgatdiopadsora fiohosedntpdsdetis dineatd proainsod & d
portion of the gate blocking flow through the fl ow passage so that a main

body of 356 SatHEoUaN &N LARR MG HE ehidnBhiMbar SodeheviRes eher gl St er s
W th th%@%g%ggg{s%age; §)zillnd@ (c) loweri % a velocity of fluid fl ow ng

t hrough_t he bor.e b i yerti ' m t he upstream fl ow
line t hPOUYHT rgglﬁeﬁs?/‘ﬁ%éélecq?éér}%%?dg‘% gettl%?lnga? Irﬁ!:c])t?;ne g%llgg}?{)&er'i or surface of an
upstream side of the gate into the bore and that is separated fromthe main

body of.the f] o0 . ' j 3 rLap of
the fl 0\5/\'/ t hr fghegﬁlal?’ %3%3%{6@50{;@&@9“% &Llelgl nﬂtﬁrné%gagé\@gﬁvﬁeﬁéﬁes?g% ( )S,?agtg ﬁe

hod f h i Si ducing.th d by . m.xi h [ d
1 owof LB PR Enget R FcH oo o 8P ra R gusipie o i SR PR oy ©

elaini 9, wherein the step of mxing conprises directing the diverted flow
f r om t horpokiteibide esthedesagemttbadrefacgap bet ween the bore and the fl ow
passage. 11. The nethod of claim9, wherein the step of m xing conprises

directing the diverted flow omthe fluidics passage to an o,%posi te si ge of
t he boreée. The valve assembly of claim 1, wherein an interface bétween the fluidic passage an

the bore is closer to a downstream side of the gate than an upstream side.

7. The valve assembly of claim 1, wherein the fluidic passage has a diameter less than

the diameter of the bore.

8. A method of controlling flow through a wellhead assembly comprising:
(a) directing the flow from an upstream flow line to a valve assembly that comprises a
valve body, a cavity in the valve body, a flow passage through the body that intersects the

cavity, a gate selectively moveable in the cavity, and a bore in the gate;

(b) moving the gate away from an open position with the bore registered with the flow
passage towards a closed position with a solid portion of the gate blocking flow through the
flow passage so that a main body of the flow passes through an opening defined where the

bore registers with the flow passage; and

(c) lowering a velocity of fluid flowing through the bore by diverting a portion of the
flow from the upstream flow line through a fluidics channel extending from an exterior
surface of an upstream side of the gate into the bore and that is separated from the main body

of the flow.
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The nethod of claim8, further conprising noving the valve conpletely to
the cl osed position, which stops flow through the fluidic passage. 13. A

val ve assenbly conprising: an upstream end connected to an upstream fl ow
line; a downstream end connected to a downstreamflow |line; a valve body; a
cavity in the val ve body; a fl ow passage through the val ve body and

the cawvity, ThavinBGoanfugsin damisrée 4 mrdshutt direpratuihi c@dw ahrosh htht helve
upstream flow | i ne and having a downstream side in fluid comunication with

the downshieam fkousdd Jlﬁ"i'nﬁ step (b)21H3ah&nGO RIS IR pRsiE el @M Akl el d
portion and a portion wth a bore formed therethrough, so that when the

gate i ved.wi thin.th Vi t t{% bor l. t rtially registers with
the fl ?Wq’gb sgléxgm pjg déve |eﬁg%<¥ tiys(t)% z%’vﬁtﬂttﬁ? g%‘aﬁﬁﬁﬁeva\%ll%é %)’dy that varies
in cross sectional area. with selective novenent of the pate, and a

Hiul di Gopassage, REdBECh @?%@eléag&fte}}%?sgti% bftrfiflh CEEHHIN RRLE M heitdidghe

bore and between a side ng e“upstreamflo ne and a
side of the bore_proxi mte the downstreamflow |ine nd havi ng an entrance
with afl %‘lnt%%ﬂ&‘ﬂﬁétpﬁssége @Wﬂ{fﬂ%ﬁ% ?ﬁng‘H@eg’Hﬁe @E‘tthsﬁew Fryffan entrance
to the bore.

11.  The method of claim 9, wherein the step of mixing comprises directing the diverted

flow from the fluidics passage to an opposite side of the bore.

12 The method of claim 8, further comprising moving the valve completely to the closed

position, which stops flow through the fluidic passage.

13. A valve assembly comprising:

an upstream end connected to an upstream flow line;

a downstream end connected to a downstream flow line;
a valve body;

a cavity in the valve body;

a flow passage through the valve body and the cavity, having an upstream side in fluid
communication with the upstream flow line and having a downstream side in fluid

communication with the downstream flow line;

a gate comprising a substantially solid portion and a portion with a bore formed
therethrough, so that when the gate is moved within the cavity, the bore at least partially
registers with the flow passage to define a flow path through the valve body that varies in

cross sectional area with selective movement of the gate, and

12



14. The val ve assenbly of claim 13, wherein the fluidic passage has an
outlet formed along a path directed towards a space where the flow path
transitions into the downstreamflow |ine when the gate is al nost cl osed.
15. The val ve assenbly of claim 13, wherein the fluidic passage has an

outlet formed_al ong a path directed towards a.side of the bor istal ,from
where the 1 FUTAIE: BRGAFOTTRE dRUEE 4hi Raepargdtedion Boii® Wi e okl hd
between a side of the gate facing the upstream flow line and a side of the bore proximate the

downstream flow line, and having an entrance with an outer periphery of an upstream side

and set back from an entrance to the bore.

14.  The valve assembly of claim 13, wherein the fluidic passage has an outlet formed
along a path directed towards a space where the flow path transitions into the downstream

flow line when the gate is almost closed.

15. The valve assembly of claim 13, wherein the fluidic passage has an outlet formed
along a path directed towards a side of the bore distal from where the fluidic channel

intersects the bore.
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