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Description

CROSS REFERENCE

[0001] The present application claims priority of U.S.
Patent Application No. 17/883,081, having a filing date
of August 8, 2022, which is a continuation-in-part of U.S.
Patent Application No. 17/531,363 having a filing date of
November 19, 2021, the entire contents of which is in-
corporated herein by reference.

FIELD

[0002] The present disclosure relates to flow control
devices for use with injection valves that inject gas into
production tubing of hydrocarbon wells. More specifical-
ly, present disclosure relates to various reverse flow
check valves that prevent reverse flow through such in-
jection valves.

BACKGROUND

[0003] Well bores of hydrocarbon wells extend from
the surface to permeable subterranean formations (’res-
ervoirs’) containing hydrocarbons. These well bores are
drilled in the ground to a desired depth and may include
horizontal sections as well as vertical sections. Well cas-
ing (e.g., large diameter steel piping) is typically inserted
into the well bore. Disposed within the well casing is a
string of production piping/tubing, which has a diameter
that is less than the diameter of the well casing. The pro-
duction tubing may be secured within the well casing via
one or more packers, which may provide a seal between
the outside of the production piping and the inside of the
well casing. The production tubing typically provides a
continuous bore from the production zone to the wellhead
through which oil and gas can be produced.
[0004] The flow of fluids, from the reservoir(s) to the
surface, may be facilitated by the accumulated energy
within the reservoir itself, that is, without reliance on an
external energy source. In such an arrangement, the well
is said to be flowing naturally. When an external source
of energy is required to flow fluids to the surface the well
is said to produce by a means of artificial lift. Artificial lift
may be achieved using a mechanical device inside the
well (e.g., pump) or by decreasing the weight of the hy-
drostatic column in the production tubing by injecting gas
into the liquid within the production tubing.
[0005] The injection of gas to decrease the weight of
a hydrostatic column is commonly referred to as gas lift,
which is artificial lift technique where compressed gas is
injected into production tubing to reduce the hydrostatic
pressure within the production tubing (e.g., to a pressure
below the inlet of the production tubing). The reduced
pressure in the production tubing allows liquid therein to
rise to the surface more readily. In one gas lift arrange-
ment, high pressure gas is injected into an annular space
(i.e., annulus) between the well casing and the production

tubing. At one or more predetermined locations along the
length of the production tubing, gas lift flow control valves
permit the gas in the annulus to enter the production tub-
ing. The principle of gas lift is that high-pressure gas is
injected into casing migrates into the production tubing
through one or more gas lift flow control valves thereby
reducing the density of the fluids in the production tubing.
[0006] The gas lift flow control valves control the flow
of pressurized gas from the well casing through a valve
port into an interior of the production tubing. Mechanical
elements of a gas lift system (e.g., multiple gas lift flow
control valves) may allow surface injection pressure to
open or close different gas lift flow control valves at dif-
ferent pressures (e.g., at different depths) or open all gas
lift flow control valves.

SUMMARY

[0007] In an arrangement, a flow control device for in-
jecting gas in a down-hole application is provided. The
flow control device includes an elongated injection hous-
ing having an upper end and a lower end. An upper ex-
ternal seal extends around an outside surface of the in-
jection housing at a first location along the length of the
housing and a lower external seal extends around the
outside surface of the injection housing at a second lo-
cation along the length of the housing. An inlet port ex-
tends though the sidewall of the injection housing be-
tween the upper external seal and the lower external seal.
A first reverse flow check valve is disposed within the
interior of the injection housing. Typically, the first reverse
flow check valve is disposed along a length of the injec-
tion housing between the inlet port and the lower external
seal. A second reverse flow check valve disposed is prox-
imate to the lower end of the injection housing. The sec-
ond reverse flow check valve is disposed along in a flow
path though the injection housing between the inlet port
and an outlet port in series with the first reverse flow
check valve.
[0008] In another arrangement, a reverse flow check
valve assembly for a down-hole gas injection device is
provided. The check valve assembly includes an annular
housing having an inlet end and an outlet end. Injection
gases flow through an interior of the housing between
the inlet end and the outlet end. An annular valve seat is
disposed within the interior of the housing. A check dart
also disposed within the interior of the housing is config-
ured to move between a closed position where a valve
head is seated against the valve seat and an open posi-
tion where the valve head is spaced from the valve seat.
At least one fluid flow path extends around the check dart
and fluidly connects the inlet end of the housing and the
outlet end of the housing when the check dart is in the
opening position. The at least one fluid flow path extends
through the housing at a location outward of an outer
periphery of the valve head allowing fluid to flow around
the check dart assembly rather than through the check
dart assembly.
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[0009] In another arrangement, a reverse flow check
valve sub-assembly configured to engage a down-hole
flow control device is provided. The reverse flow check
valve sub-assembly comprises an annular housing hav-
ing a first end and a second end, the first end being gen-
erally hollow, the second end having a central opening
and being free of internal or external threads for attaching
the annular housing to another component; an annular
sleeve having an inlet end and an outlet end, the outlet
end of the sleeve disposed within the first end of the hous-
ing and the inlet end of the sleeve having threads for
attaching the check-valve sub-assembly to said flow con-
trol device; an annular valve seat disposed within an in-
terior of the housing between the outlet end of the sleeve
and the second end of the housing; and a check dart
disposed within the interior of the housing between the
valve seat and the second end of the housing, the check
dart having: a valve head, wherein the check dart is con-
figured to move between a closed position where the
valve head is seated against the valve seat and an open
position where the valve head is spaced from the valve
seat; a valve stem, wherein the valve stem is configured
to move through the central opening through the second
end of the housing. The reverse flow check valve sub-
assembly further comprises at least one port extending
through a sidewall surface of the housing between the
annular valve seat and the second end of the housing.
[0010] In another arrangement, a flow control device
for injecting gas in a down-hole application is provided.
The flow control device comprises an injection housing
having an upper end, a lower end, an upper external seal
extending around an outside surface of the injection
housing and a lower external seal extending around the
outside surface of the injection housing; an inlet port ex-
tending through a sidewall of the injection housing be-
tween the upper external seal and the lower external seal;
an interior reverse flow check valve disposed within the
interior of the injection housing, wherein the interior re-
verse flow check valve is disposed along a length of the
injection housing between the inlet port and the lower
external seal; and a lower reverse flow check valve sub-
assembly attached to the lower end of the injection hous-
ing below the external seal. The lower reverse check flow
valve includes: an annular valve housing having a first
end and a second end, the first end being generally hol-
low, the second end having a central opening and being
free of internal or external threads for attaching the valve
housing to another component; an annular sleeve having
an inlet end and an outlet end, the outlet end of the sleeve
disposed within the first end of the valve housing and the
inlet end of the sleeve having threads for attaching the
check-valve sub-assembly to the lower end of the injec-
tion housing; an annular valve seat disposed within an
interior of the valve housing between the outlet end of
the sleeve and the second end of the valve housing,
wherein the outlet end of the sleeve is in direct contact
with the valve seat and compresses the valve seat
against a retaining surface in the valve housing; a check

dart disposed within the interior of the valve housing be-
tween the valve seat and the second end of the valve
housing. The check dart includes: a valve head, wherein
the check dart is configured to move between a closed
position where the valve head is seated against the valve
seat and an open position where the valve head is spaced
from the valve seat; and a valve stem, wherein the valve
stem is configured to move through the central opening
through the second end of the valve housing.
[0011] In another arrangement, a reverse flow check
valve sub-assembly configured to engage a down-hole
flow control device is provided. The reverse flow check
valve sub-assembly comprises an annular housing hav-
ing a first end and a second end, the first end being gen-
erally hollow, the second end having a central opening
and being free of internal or external threads for attaching
the annular housing to another component; an annular
sleeve having an inlet end and an outlet end, the outlet
end of the sleeve disposed within the first end of the hous-
ing and the inlet end of the sleeve having threads for
attaching the check-valve sub-assembly to said flow con-
trol device; an annular valve seat disposed within an in-
terior of the housing between the outlet end of the sleeve
and the second end of the housing, wherein the valve
seat is a pliable element; and a check dart disposed within
the interior of the housing between the valve seat and
the second end of the housing. The check dart comprises
a valve head, wherein the check dart is configured to
move between a closed position where the valve head
is seated against the valve seat and an open position
where the valve head is spaced from the valve seat; and
a valve stem, wherein the valve stem is configured to
move through the central opening through the second
end of the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 illustrates an exemplary string of production
tubing and side-pocket mandrels disposed in a well
casing.
FIG. 2 illustrates an exemplary cross-sectional view
of a side-pocket mandrel in a well casing and a gas
lift valve.
FIG. 3A illustrates an exemplary cross-sectional
view of a gas lift valve.
FIG. 3B illustrates a close-up view of a portion of the
gas lift valve of FIG. 3A.
FIG. 3C illustrates a cross-sectional view of the gas
lift valve transverse to the view of FIG. 3A.
FIG. 4A illustrates a perspective view of a gas lift
valve, in an embodiment.
FIG. 4B illustrates a cross-section view of the gas lift
valve in a first plane, in an embodiment.
FIG. 4C illustrates a cross-section view of the gas
lift valve in a second plane, in an embodiment.
FIG. 5A illustrates a side cross-sectional view of a
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check valve assembly in an embodiment.
FIG. 5B illustrate a perspective cross-sectional view
of the check valve assembly of FIG. 5A, in an em-
bodiment.
FIG. 5C illustrate a cross-sectional view of the check
valve assembly transverse to the view of FIG. 5A, in
an embodiment.
FIG. 5D illustrates a side cross-sectional view of a
check valve assembly of FIG. 5B attached to a mat-
ing component, in an embodiment.
FIG. 6A illustrates a side cross-sectional view of an-
other check valve assembly in an embodiment.
FIG. 6B illustrate a perspective cross-sectional view
of the check valve assembly of FIG. 6A, in an em-
bodiment.
FIG. 6C illustrates a side cross-sectional view of an-
other check valve assembly in an embodiment.
FIG. 6D illustrate a perspective cross-sectional view
of the check valve assembly of FIG. 6, in an embod-
iment.

DETAILED DESCRIPTION

[0013] Reference will now be made to the accompa-
nying drawings, which at least assist in illustrating the
various pertinent features of the present disclosure. The
following description is presented for purposes of illus-
tration and description and is not intended to limit the
disclosed embodiments to the forms disclosed herein.
Consequently, variations and modifications commensu-
rate with the following teachings, and skill and knowledge
of the relevant art, are within the scope of the presented
embodiments.
[0014] Figure 1 is a schematic illustration of an exem-
plary installation of a gas lift arrangement. As illustrated,
an exemplary string of production tubing 12 is disposed
within casing 10 of an oil and gas well forming an annulus
14 between an outside surface of the production tubing
12 and an inside surface of the casing 10. In the illustrated
embodiment, one or more side pocket mandrels 20 are
disposed along the production string 12 at predetermined
subterranean locations. Each mandrel 20 may internally
support a gas lift valve 22 (e.g., flow control device),
which may open and/or close based on pre-determined
pressure settings or continuously inject compressed gas
from the annulus into the production tubing. As shown in
Figure 2, the side pocket each mandrel 20 is tubular
member having first and second open-ends that are
adapted for in-line connection with the production tubing
12. In this regard, one or both ends may be threaded
and/or include a collar. The mandrel 20 further includes
a side pocket offset 30 from the inner tubing diameter
that receives and supports the gas lift valve 22. The pock-
et’s upper end has a seating profile (not shown) for en-
gaging a latch of the gas lift valve 22, while the pocket’s
other end may be open. One or more side ports 32 in the
mandrel pocket communicate with the surrounding an-
nulus 14 outside the mandrel 20 and allow for fluid com-

munication between the annules and production tubing
during gas lift operations. More specifically, a source of
pressurized gas (not shown) may be injected down the
well in the annulus 14 between the well-casing 10 and
the production tubing 12. The gas lift valve 22 supported
by the mandrel 20 may inject gas from the annulus into
the production tubing 12. The gas injected into the pro-
duction tubing expands and flows to the surfaces thereby
lifting the liquid within the production tubing and reducing
the density and column weight of the fluid in the tubing.
[0015] The gas lift valve 22 can be installed in the man-
drel 20 during the initial installation of the production tub-
ing. That is, the gas lift valve may be installed at the sur-
face so that the mandrel 20 with installed gas lift valve
22 can be run downhole together without the need for a
wireline operation. However, the gas lift valve 22 may
also be lowered down the production tubing 12 to a side-
pocket mandrel 30 already installed downhole using a
wireline operation. Additionally, the gas lift valve may be
removed from an installed mandrel via a wireline opera-
tion. Upon installation, external packing elements 24a,
24b seal above and below the mandrel inlet ports 32,
isolating the annulus from the tubing in the side-pocket
mandrel. Though discussed primarily in relation to a sys-
tem that utilizes side pocket mandrels, it will be appreci-
ated that the flow control devices discussed herein may
be utilized with other mandrels that may incorporate, for
example, externally mounted flow control devices.
[0016] As further illustrated by the exemplary gas lift
valve illustrated in Figure 3A, the gas lift valve 22 may
be a pressure-operated gas lift valve, such as an injection
pressure operated valve, or a production pressure oper-
ated valve. The upper and lower seals 24a, 24b, in ad-
dition to packing off the mandrel ports when disposed
within a mandrel pocket, also straddle and packoff one
or more inlet ports 26 that extends into a body of the valve
22. In a common embodiment, a valve stem 28 is biased
closed by a gas charge chamber 16 and bellows 18. At
its forward end, the valve stem 28 moves a ball 36 relative
to a valve seat/orifice 38 in a fluid flow path between the
valve inlet port(s) 26 and a valve outlet port 27 in response
to counteracting pressures exerted on the bellows from
pressurized fluids in the annulus 16 (i.e., via the inlet
ports(s) 26) and by the pressurized gas charge chamber
16. Commonly, a predetermined gas charge applied to
the gas charge chamber 16 and bellows 18 biases the
valve piston against the valve seat closing the valve in
the absence of sufficient casing pressure.
[0017] Typically, it is desirable that flow through the
valve be unidirectional. In this regard, a check dart 40
may be positioned in the flow path through the valve
downstream of the valve inlet port 26. Such a check dart
40 may keep fluids from within the production tubing 12
from reverse flowing through the inlet port(s) 26 and back
into the annulus 16. That is, when pressure within the
casing is greater than a pressure in the production tubing
in the illustrated embodiment, gas passes through the
valve 22 pushing the check dart downward (i.e., right as

5 6 



EP 4 321 725 A1

5

5

10

15

20

25

30

35

40

45

50

55

shown in Figure 3A). In this situation, injection gases from
the casing flow through ports 42 formed at least partially
through the check dart 40 and continue into the produc-
tion tubing. See also Figures 3B and 3C. When fluid pres-
sure within the production tubing is greater than the pres-
sure in the casing, pressurized fluids entering the exit
port(s) 27 of the valve 22 and compresses the check dart
40 against a valve seat 44. When compressed against
the valve seat 44, the check dart substantially prevents
reverse flow through the valve.
[0018] There are various drawbacks in relation to the
injection valve illustrated in Figures 3A-3C. One draw-
back is that injection fluid flow is typically routed through
ports 42 extending through the body of the check dart
40. Over time, high-pressure fluid flow tends to erode
material around the ports 42. Such erosion can result in
the check dart 40 failing to seal when pushed against the
valve seat in response to reverse flows. That is, erosion
may affect the valve face on the check dart such that the
check valve (e.g., check dart and valve seat) fails to with-
stand reverse pressure flows. Once such erosion occurs,
the valve 22 may have to be replaced by, for example, a
wireline operation or by pulling the production tubing from
the well. Either operation tends to be expensive espe-
cially in deep-water applications. Another drawback is
that flow through the ports 42 of the check dart tends to
restrict or choke the flow through the valve. Accordingly,
embodiments disclosed herein are directed to injection
valves for flow control devices having improved reverse
flow characteristics.
[0019] Figure 4A illustrates one embodiment of a gas
lift valve 120 according to an embodiment. Figures 4B
and 4C illustrate cross-sectional views taking along a
long axis of the gas lift valve 120 in transverse planes.
Specifically, Figure 4B illustrates a cross-section of the
gas lift valve 120 in the xy plane and Figure 4C illustrates
a cross-section of the gas lift valve 120 in the xz plane,
both taken along a centerline of the valve. Generally, the
gas lift valve is defined by an elongated housing 110 (e.g.,
injection valve housing or injection housing) that extends
between one or more inlet ports 126 and one or more
outlet ports 127. The valve 120 includes several compo-
nents common to the valve 22 discussed above in relation
to Figure 3A. For instance, the current valve 120 includes
first and second exterior seals 124a, 124b (e.g., elasto-
meric packing stacks) disposed above and below, re-
spectively, the one or more inlet ports 126 extending
through a sidewall of the housing 110 of the valve 120
into an interior of the valve. The illustrated embodiment
of the gas lift valve 120 also includes a valve stem 128
that advances and retracts a valve ball 136 relative to a
valve seat and orifice 138. The orifice may be sized to
provide a desired flow rate through the valve. Addition-
ally, the valve stem 128 may be attached to a bellows
and gas charge chamber, like those discussed above in
relation to Figure 3A. These elements are omitted from
the illustrated embodiment as being well understood by
those skilled in the art. In an alternative embodiment (not

shown), the valve 120 may be an orifice valve that allows
continuous gas injection through the inlet port(s). In such
an embodiment, the valve stem, valve ball and valve seat
may be omitted. The injection housing may be formed of
a plurality of interconnected generally annular compo-
nents. For instance, the injection housing may include
an inlet housing 114 having an upper end connected to
an upper packer housing 112 (e.g., bellows adapter) and
a lower end that connects to an upper end of a seat hous-
ing 118. The lower end of the seat housing 118 connects
an upper end of first valve assembly housing 152. A lower
end of the first valve assembly housing 152 has a lower
end connected to an upper end of a lower packer housing
116, which connects to an upper end of a second valve
assembly housing 202. Collectively, these components
define the elongated housing 110 of the injection valve
120.
[0020] In the illustrated embodiment, the valve 120 uti-
lizes a first reverse flow check valve assembly 150 dis-
posed in series with a second reverse flow check valve
assembly 200. The use of two reverse flow check valve
assemblies (i.e., an upper check valve assembly 150 and
a lower check valve assembly 200) disposed in series
provides a redundancy for the valve 120. In this regard,
if one of the reverse flow check valve assemblies fails,
the other reverse flow check valve assembly may provide
adequate reverse flow protection thereby eliminating the
need to replace the valve. Such redundancy may signif-
icantly extend a service life of an injection valve and/or
provide significant operational savings through reduced
servicing. In addition to providing redundancy for the
valve, each of the reverse flow check valves 150 and 200
include various novel features alone as well as in com-
bination.
[0021] As illustrated in Figures 4A-4C, the two reverse
flow check valve assemblies 150, 200 are disposed in a
flow path through the interior of the injection valve 120
between the inlet ports 126 through a sidewall of the valve
and outlet ports 127 located at the bottom end (e.g., nose)
of the valve 120. The use of two reverse flow check valve
assemblies in series requires that one of the assemblies
be disposed entirely within the interior of the valve 120.
In the illustrated embodiment, the upper check valve as-
sembly 150 is disposed entirely within an interior of the
valve 120. The illustrated embodiment of the injection
valve 120 incorporates the upper check valve 150 as-
sembly at a location along a length of the valve 120 be-
tween the first and second exterior seals 124a, 124b.
Such positioning allows incorporation of the two check
valves in series while allowing the valve to be used with,
for example, existing side pocket mandrels having pre-
existing spacing between the mandrel inlet ports and
latching assemblies. The positioning of a check valve
assembly entirely within the interior of the valve (e.g.,
within a sidewall of the valve) has previously resulted in
a choke point through the valve as the injection flow is
typically routed through ports in the body of the check
dart as discussed above. That is, as opposed to the lower
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check valve assembly 200, which can exhaust fluid flow
through apertures 127 extending through the sidewall of
the valve assembly 200, the upper check valve assembly
150 is contained within the sidewall of the injection valve
120 and the injection flow must pass by the upper check
valve assembly 150 while remaining within the confines
of the valve sidewall.
[0022] Figures 5A and 5B illustrate a side cross-sec-
tional view and a perspective cross-sectional view in the
xy plane, respectively, of the upper check valve assembly
150. The check valve assembly 150 includes three pri-
mary components, an annular check valve housing 152,
a check dart 170 and an annular elastomeric or otherwise
pliable check pad or valve seat 190. As variously illus-
trated, the check valve housing 152 is a generally cylin-
drical member having at least a first flow path extending
through its interior from an inlet end 154 to an outlet end
156. The elastomeric valve seat 190 has an open interior
and is disposed within the housing 152 toward the inlet
end. The check dart 170 moves relative to the elastomeric
valve seat 190 to open and close a flow path through the
valve.
[0023] The housing 152 may include internal threads
(not shown) formed about the interior surface of the gen-
erally open inlet end 154. In the illustrated embodiment,
the seat housing 118 threads into the open inlet end 154
of the valve housing 152. The lower end of the seat hous-
ing 118 may trap or compress the elastomeric valve seat
190 within the housing. Likewise, the housing 152 may
include external threads (not shown) formed on an exte-
rior surface of the outlet end 156. In this regard, the check
valve assembly 150 may be threaded to adjacent com-
ponents of the injection valve 120. Along these lines, it
will be appreciated that a sidewall of the injection valve
120 may include several annular components threaded
together to collectively define the overall sidewall of the
injection valve 120. Further, it will be appreciated that the
inlet end and outlet end of the check valve housing 152
may include internal and/or external threads, respective-
ly, and the illustrated embodiment is presented by way
of illustration and not limitation.
[0024] The housing 152, while including a flow path
between its inlet and outlet ends, is not a hollow member.
That is, while the inlet end and outlet end may be sub-
stantially hollow, a check dart support 158 extends
across a portion of the interior of the housing 158 to mov-
ably support the check dart 170 relative to the annular
valve seat 190. The support 158, in its simplest form, is
a structure (e.g., wall or divider) that extends across an
interior of the annular housing 152 and provides a struc-
ture for supporting the check dart 170. The support at
least partially divides the inlet end of the housing 152
from the outlet end of the housing 152. In the illustrated
embodiment, the support 158 includes a central aperture
160 that receives a lower stem or valve stem 172 of the
check dart 170. In the illustrated embodiment, the central
aperture 160 is aligned with a centerline axis of the hous-
ing 152.

[0025] The check dart 170 includes the valve stem 172
and a valve head 174 attached to the upper end of the
stem 172. In the illustrated embodiment, the valve head
has an upper domed surface 176 and a generally flat
annular flange 178 extending about a periphery of the
upper domed surface 176. In the illustrated embodiment,
an upper surface of the flat annular flange 178 is config-
ured to engage a bottom surface of the elastomeric valve
seat 190 (e.g., check pad) while the domed upper surface
176 extends through an open interior of the elastomeric
valve seat 190. During operation, once the annular flange
178 contacts the annular valve seat, the seat may com-
press allowing the domed upper surface to contact a
chamfer 192 of an upper mating part (e.g., seat housing
118 See Fig. 5D), serving as a secondary metal to metal
seal. In this regard, the annular flange 178 and the elas-
tomeric valve seat 190 may form a primary seal and the
domed surface 176 and a chamfered end 192 of the seat
housing 118 may form a secondary seal. In the illustrated
embodiment, the check dart 170 is biased against the
valve seat 190 by a coil spring 194 (e.g., bias force mem-
ber) disposed around the valve stem 172 and between
a bottom surface of the valve head 174 and an upper
surface of the valve stem support 158. As illustrated, the
upper surface of the valve stem support 158 may include
an annular recess that houses a lower end of the spring
194.
[0026] The spring 194 may, in the absence of injection
flows (e.g., injection pressure) moving through the valve
assembly 150 between the inlet end 154 and the outlet
end 156, compress the valve dart 170 against the valve
seat 190 to maintain the valve in a closed position and
thereby prevent reverse fluid flows (i.e., moving between
the outlet end 156 and the inlet end 154) passing through
the check valve assembly 150. Further, reverse fluid
flows may apply pressure the lower side of the valve head
174 thereby compressing the valve head against the
elastomeric valve seat 190. When injection flows are
moving through the assembly 150 between the inlet end
154 and outlet end 156, the pressure of the injection flow
contacts the domed upper surface 176 of the valve dart
170 compressing the spring 194. This results in the valve
stem 172 moving through the central aperture of the valve
support 158 while the valve head 174 moves away from
the valve seat 190 thereby opening the check valve as-
sembly 150.
[0027] Once the valve dart 170 move to an open posi-
tion (not shown), the injection fluid flow must pass across
the valve dart 170 and valve dart support 158. As noted
above, prior reverse flow check valve assemblies utilizing
ports through a body of the valve dart have resulted in a
choke point in the fluid flow through the assembly. To
avoid such a choke point, the illustrated embodiment of
the check valve assembly utilizes one or more fluid flow
passages 180a, 180b streamlined around the check dart
170. Specifically, the check valve assembly 150 utilizes
two flow paths 180a, 180b that extend through the valve
dart support 158 at a location radially outward from the
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outer peripheral edge (e.g., annular flange 178) of the
valve head 174. As best illustrated in Figure 5A, the check
dart 170 is formed of generally cylindrical/circular com-
ponents and a centerline axis of the check dart 170 (e.g.,
long central axis of the valve stem) is aligned with a cen-
terline axis A-A’ of the annular housing 152. In the present
embodiment, the interior edge of the flow path(s) 180a,
180b as measured from the centerline axis A-A’ is located
a distance D1 that is equal to or greater than a distance
D2 of the outer peripheral edge of the valve head 174
(i.e., outer edge of flat annular flange 178 in the present
embodiment) as measured from the centerline axis A-A’.
This is also illustrated in Figure 5C, which is a cross-
sectional view of the valve assembly taken through the
dart support 158. The remainder of each flow path 180a,
180b (i.e., to its exterior edge measured from the center-
line axis) is disposed outward from the outer peripheral
edge of the valve head. As illustrated, each of the flow
paths 180a, 180b are arcuate/radial channels (e.g., gen-
erally D-shaped channel) extending through the valve
dart support. Though illustrated as having two flow paths
180a, 180b, it will be appreciated that more or fewer flow
paths may be utilized.
[0028] Positioning the flow paths 180 at a location ra-
dially outward from the outward peripheral edge of the
of the valve head 174 provides several benefits. One
benefit is that injection fluid flows do not pass directly
over or through a sealing surface (valve face) of the valve
head. Accordingly, erosion of the valve face is reduced
or eliminated significantly extending the service life of the
check valve. Another benefit is that the overall cross-
sectional size of the flow paths or flow area may be sig-
nificantly increased relative to flow areas of prior flow
paths extending through the body of a check dart. In em-
bodiments, the flow area of the one or more flow paths
may exceed the cross-sectional area of an orifice into an
injection valve and/or the cross-sectional area of the in-
terior of the valve seat. In this regard, the flow area across
the check dart may be equal or greater in size than up-
stream passageways. Accordingly, the radial outward
flow paths around the check dart do not result in a re-
striction or choke point through an injection valve utilizing
the reverse flow check valve assembly 150.
[0029] Figures 6A and 6B illustrate a side cross-sec-
tional view and a perspective cross-sectional view, re-
spectively, of an embodiment of the second or lower re-
verse flow check valve sub-assembly 200. The check
valve sub-assembly 200 includes a check valve housing
202, a check dart 220 and an annular valve seat 230. As
variously illustrated, the housing 202 is a generally cy-
lindrical member having a generally hollow inlet end 204.
The annular valve seat 230 is disposed within an interior
of the housing 202 toward the inlet end. The annular valve
seat 230 may be press fit into the interior of the housing,
threadedly engaged with the housing and/or integrally
formed with the housing. The check dart 220 moves rel-
ative to the valve seat 230 to open and close a flow path
through the valve assembly 200. Figures 6C and 6D il-

lustrate a side cross-sectional view and a perspective
cross-sectional view, respectively, of a further embodi-
ment of the lower reverse flow check valve sub-assembly
200. The embodiment of Figures 6C and 6D shares all
of the components of the embodiment of Figures 6A and
6B for which like reference numbers are utilized. In ad-
dition, the embodiment of Figures 6C and 6D further in-
cludes a check pad adapter or sleeve 240 disposed within
the open inlet end 204 of the housing 202. The sleeve
240 is an annular element having an open outlet end 242
configured for disposition within the hollow interior of the
inlet end 204 of the housing 202. In this regard, an outside
surface of the sleeve 240 may include external threads
that engage with internal threads within the interior of the
housing 202. An open inlet end 244 may extend beyond
the inlet end 204 of the housing. In an embodiment, the
outside diameter of the portion of the sleeve 240 extend-
ing beyond the housing 202 may have an outside diam-
eter substantially equal to the outside diameter of the
housing 202. The interior or exterior of the inlet end of
the sleeve 240 may also include threads for use in at-
taching the sub assembly 200 to an adjacent component.
[0030] In the embodiment of Figures 6C and 6D, the
outlet end 242 of the sleeve 240 may engage and contain
the valve seat 230 (which may be a pliable or elastomeric
element) within the interior of the housing 230. In such
an arrangement, the outlet end 242 of the sleeve 240
may retain the valve seat 230 against a retaining surface
within the interior of the housing 202. More specifically,
the sleeve 240 may compress the valve seat 230 against
a retaining surface, such as an annular retainer ring 248
disposed within the interior of the housing 202. The re-
tainer ring may be press fit into the interior of the housing,
threadedly engaged with the housing and/or integrally
formed with the housing. In an embodiment, an outside
surface of a portion the outlet end 242 of the sleeve 240
may be tapered to engage a correspondingly tapered
surface of the valve seat. Such an arrangement allows
for aligning the valve seat with a centerline axis of the
sub-assembly.
[0031] In either embodiment, the sub-assembly 200
extends from the open inlet end to a check dart support
208, which movably supports the check dart 220 relative
to the annular valve seat 230. The support 208 includes
a central aperture 210 that receives a lower end of the
check dart. The check dart 220 includes the valve stem
222 and a valve head 224 attached to the upper end of
the stem 222. In the illustrated embodiment, the valve
head has a domed upper surface and a generally flat
annular flange extending about a periphery of the upper
domed surface. Other configurations are possible. In the
illustrated embodiment, an upper surface of the flat an-
nular flange is configured to engage a flat bottom surface
of the annular valve seat 230 (e.g., check pad) while the
domed upper surface extends through an open interior
of the annular valve seat. In the embodiment of Figures
6C and 6D, the domed upper surface of the check dart
220 may engage the outlet end 242 of the sleeve 240
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when the check dart 220 is closed. In this regard, the
sub-assembly may provide dual seals. Specifically, a first
seal may be formed between the annular flange of the
check dart 220 and the bottom surface of the valve seat
230 and a second seal may be formed between the upper
surface (e.g., domed surface) of the head of the check
dart 220 and the outlet end 242 of the sleeve 240. In the
illustrated embodiment, the check dart 220 is biased
against the annular valve seat 230 by a coil spring 226
disposed around the valve stem 222 and between a bot-
tom surface of the valve head 224 and an upper surface
of the valve stem support 208. The check valve assembly
200 operates substantially like the check valve assembly
discussed above in relation to Figures 5A-5C with the
exception that injection fluids passing through the valve
exit through ports 227 in the housing 202 between the
check dart support 208 and middle-portion of the housing
202 proximate to the valve seat. Stated otherwise, the
valve assembly vents fluid through a sidewall of the hous-
ing after the fluid pass through the check dart and valve
seat.
[0032] As noted, sub-assembly 200 includes include
internal threads (not shown) formed about an interior pe-
riphery of the hollow inlet end 204 of the housing and/or
the inlet end 244 of the sleeve 240. In other embodiments,
the valve sub-assembly 200 may include external
threads about an exterior periphery its inlet end. In any
embodiment, the check valve assembly 200 may be at-
tached to a lower end or nose of an injection valve. See,
e.g., Figure 4A.
[0033] One of the novel features of the check valve
sub-assemblies 200 of Figures 6A-6Dis that the assem-
bly 200, which may be attached to the lower end/nose of
a valve, includes both the check dart and the valve seat.
Prior nose valve check assemblies have typically utilized
a check dart that engages an interior annular surface of
a component to which the nose valve check assembly
housing connects. That is, the valve seat is attached or
integrally formed with a component other than the nose
valve sub-assembly. In such arrangements, if a nose
valve check assembly fails, the entire injection assembly
(or other down-hole assembly) must be removed from
the well, repaired and tested to ensure the seal between
the check dart in the nose assembly and an upper com-
ponent meets prescribed standards. That is, , most
downhole equipment must pass prescriptive testing re-
quirements. In the case of reverse flow check valves,
such requirements must be passed prior to certify a de-
vice as a "Barrier" device. The testing requirements need-
ed to certify a reverse flow check valve as a Barrier device
are set for in API spec 19G2 as the V0 validation grade.
By incorporating the valve seat into a common housing
with the check dart as set forth above in the valve as-
sembly 200 of Figures 6A-6D, the valve assembly 200
may be tested and certified prior to the valve assembly
200 being connected to an injection valve device. The
ability to certify the valve sub-assembly prior to its use
also allows for redressing injection valve assemblies in

the field. That is, a technician may remove a nose valve
check sub-assembly that has failed (e.g., allows reverse
flow) and replace the entire assembly with a pre-certified
nose valve check sub-assembly, and reinstall the injec-
tion valve in the well. Previously, the entire injection valve
assembly would have to be replaced and the damaged
assembly would have to be repaired and recertified. It
will further be appreciated that the check valve assembly
150 of Figures 5A-5C could likewise be certified as a
Barrier device the assembly also includes the check dart
and valve seat in a common housing.
[0034] All directional references (e.g., plus, minus, up-
per, lower, upward, downward, left, right, leftward, right-
ward, top, bottom, above, below, vertical, horizontal,
clockwise, and counterclockwise) are only used for iden-
tification purposes to aid the reader’s understanding of
the present disclosure, and do not create limitations, par-
ticularly as to the position, orientation, or use of the any
aspect of the disclosure. As used herein, the phrased
"configured to," "configured for," and similar phrases in-
dicate that the subject device, apparatus, or system is
designed and/or constructed (e.g., through appropriate
hardware, software, and/or components) to fulfill one or
more specific object purposes, not that the subject de-
vice, apparatus, or system is merely capable of perform-
ing the object purpose. Joinder references (e.g., at-
tached, coupled, connected, and the like) are to be con-
strued broadly and may include intermediate members
between a connection of elements and relative move-
ment between elements. As such, joinder references do
not necessarily infer that two elements are directly con-
nected and in fixed relation to each other. It is intended
that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted
as illustrative only and not limiting. Changes in detail or
structure may be made without departing from the spirit
of the invention as defined in the appended claims.
[0035] Any patent, publication, or other disclosure ma-
terial, in whole or in part, that is said to be incorporated
by reference herein is incorporated herein only to the
extent that the incorporated materials does not conflict
with existing definitions, statements, or other disclosure
material set forth in this disclosure. As such, and to the
extent necessary, the disclosure as explicitly set forth
herein supersedes any conflicting material incorporated
herein by reference. Any material, or portion thereof, that
is said to be incorporated by reference herein, but which
conflicts with existing definitions, statements, or other
disclosure material set forth herein will only be incorpo-
rated to the extent that no conflict arises between that
incorporated material and the existing disclosure mate-
rial.

Claims

1. A reverse flow check valve sub-assembly (200) con-
figured to engage a down-hole flow control device,
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comprising:

an annular housing (202) having a first end and
a second end, the first end being generally hol-
low, the second end being free of internal or ex-
ternal threads for attaching the annular housing
(202) to another component;
an annular sleeve (240) having an inlet end
(244) and an outlet end (242), the outlet end
(242) of the sleeve (240) disposed within the first
end of the housing (202) and the inlet end (244)
of the sleeve (240) having threads for attaching
the check-valve sub-assembly (200) to a flow
control device;
an annular valve seat (230) disposed within an
interior of the housing (202) between the outlet
end (242) of the sleeve (240) and the second
end of the housing (202);
a check dart (220) disposed within the interior
of the housing (202) between the valve seat
(230) and the second end of the housing (202),
the check dart (220) having:

a valve head (224), wherein the check dart
(220) is configured to move between a
closed position where the valve head (224)
is seated against the valve seat (230) and
an open position where the valve head (224)
is spaced from the valve seat (230); and
a valve stem (222), wherein the valve stem
(222) is configured to move through a cen-
tral opening through the second end of the
housing (202).

2. The assembly of claim 1, wherein the outlet end (242)
of the sleeve (240) incudes external threads that en-
gage internal threads within the first end of the hous-
ing (202).

3. The assembly of claim 2, wherein a portion of a body
of the sleeve (240) between the inlet end (244) and
outlet end (242) extends beyond the first end of the
housing (202),
wherein the portion of the sleeve (240) extending
beyond the housing (202) may have an outside di-
ameter substantially equal to an outside diameter of
the first end of the annular housing (202).

4. The assembly of any of claims 1 to 3, wherein the
outlet end (242) of the sleeve (240) is in direct contact
with the annular valve seat (230).

5. The assembly of claim 4, wherein the outlet end (242)
of the sleeve (240) retains the valve seat (230)
against a retaining surface within the interior of the
housing (202).

6. The assembly of claim 4, wherein:

an upper surface of the valve seat (230) is ta-
pered relative to a centerline axis of the housing
(202); and
an outside surface about the outlet end (242) of
the sleeve (240) is tapered relative to the cen-
terline axis, wherein the outlet end (242) of the
sleeve (240) is partially received within the valve
seat (230) between the upper surface and a low-
er surface of the valve seat (230).

7. The assembly of any of claims 1 to 6, further com-
prising
at least one port (227) extending through a sidewall
surface of the housing (202) between the annular
valve seat (230) and the second end of the housing
(202).

8. The assembly of any of claims 1 to 7, further com-
prising
a check dart support (208) attached to the housing
(202) via a sidewall surface of the housing (202), the
check dart support (208) having the central opening
sized to receive the valve stem (222) of the check
dart (220).

9. The assembly of claim 8, further comprising:

a bias force element disposed between the
check dart support (208) and the check dart
(220), wherein the bias force element biases the
valve head (224) toward the valve seat (230),
wherein a lower end of the check dart support
(208) may form the second end of the housing
(202), and/or
wherein an outer cross-dimension of the lower
end of the check dart support (208) may be less
than an outside diameter of the first end of the
housing (202), and/or
wherein the central opening may extend through
the lower end of the check dart support (208).

10. The assembly of any of claims 1 to 9, wherein the
valve head (224) comprises:
a flange extending about a periphery of the valve
head (224), wherein an upper surface of the flange
engages a bottom surface of the valve seat (230)
when the check dart (220) is in the closed position.

11. The assembly of claim 10, wherein the valve head
(224) includes an upper surface that extends through
a central opening of the annular valve seat (230)
when the check dart (220) is in the closed position,
wherein the upper surface of the valve head (224)
may contact the outlet end (242) of the sleeve (240)
when the check dart (220) is in the closed position.

12. The assembly of any of claims 1 to 11, wherein the
valve seat (230) is a pliable element.
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13. A flow control device for injecting gas in a down-hole
application, comprising:

an injection housing (110) having an upper end,
a lower end, an upper external seal (124a) ex-
tending around an outside surface of the injec-
tion housing (110) and a lower external seal
(124b) extending around the outside surface of
the injection housing (110);
an inlet port (126) extending through a sidewall
of the injection housing (110) between the upper
external seal (124a) and the lower external seal
(124b);
an interior reverse flow check valve (150) dis-
posed within the interior of the injection housing
(110), wherein the interior reverse flow check
valve (150) is disposed along a length of the
injection housing (110) between the inlet port
(126) and the lower external seal (124b); and
a lower reverse flow check valve sub-assembly
(200) attached to the lower end of the injection
housing, the lower reverse check flow valve in-
cluding:

an annular valve housing (202) having a first
end and a second end, the first end being
generally hollow, the second end being free
of internal or external threads for attaching
the valve housing (202) to another compo-
nent;
an annular sleeve (240) having an inlet end
(244) and an outlet end (242), the outlet end
(242) of the sleeve (240) disposed within
the first end of the valve housing (202) and
the inlet end (244) of the sleeve (240) having
threads for attaching the check-valve sub-
assembly (200) to the lower end of the in-
jection housing;
an annular valve seat (230) disposed within
an interior of the valve housing (202) be-
tween the outlet end (242) of the sleeve
(240) and the second end of the valve hous-
ing (202);
a check dart (220) disposed within the inte-
rior of the valve housing (202) between the
valve seat (230) and the second end of the
valve housing (202), the check dart (220)
having:

a valve head (224), wherein the check
dart (220) is configured to move be-
tween a closed position where the valve
head (224) is seated against the valve
seat (230) and an open position where
the valve head (224) is spaced from the
valve seat (230); and
a valve stem (222), wherein the valve
stem (222) is configured to move

through the central opening through the
second end of the valve housing (202).

14. The device of claim 13, wherein the outlet end (242)
of the sleeve (240) is threadedly engaged with the
first end of the valve housing (202) and a portion of
a body of the sleeve (240) between the inlet end
(244) and outlet end (242) extends beyond the first
end of the valve housing (202).

15. The device of claim 13 or 14, wherein the outlet end
(242) of the sleeve (240) is in direct contact with the
annular valve seat (230) and compresses the valve
seat (230) against a retaining surface in the valve
housing (202).
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