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DESCRIPTION

[0001] The present invention regards a device for injection of fluid in a well bore, typically an
offshore well bore, typically installed on Christmas trees or wellheads, for petroleum production
and gas injection/ gas lift system.

[0002] There are known several different principles of operating a gas injection valve, one of
this is based on the venturi principles, for instance described in WO 2004/092537 A1. Another
approach is to have a central stem with outer sealing surface and through going flow between
an outer housing and the central stem across the sealing surfaces, for instance described in
CA 02461485 A1.

[0003] US 6.196.259 describes a fluid valve for controlling the flow of a fluid from an upstream
region to a downstream region. The fluid valve comprises a housing having a fluid exit, a shut-
off member and a fluid entry member movably disposed within the housing. When the
difference in fluid pressure between the upstream region and the downstream region exceeds
a predetermined value, the shut-off member and the fluid entry member will be forced to move
towards the housing whereby fluid flow apertures in the fluid entry member will be decreased.
When the shut-off member is brought into contact with the housing, the fluid flow apertures in
the fluid entry member will be completely closed, whereby the fluid flow through the fluid valve
is terminated.

[0004] After a period of time, known gas lift valves will have a tendency of not working as
expected. One problem might be the erosion of the sealing surfaces of the valve device which
lead to leakage across the valve seat and reduced performance and a reduced lifetime for the
valve devices. This creates a problem for operation of the well with increased down time,
maintenance time and an increased safety hazard.

[0005] An aim with the present invention is to minimize and possibly alleviate these problems.
It is also an aim to provide a device with a true metal to metal sealing of the device. Metal to
metal seal in a preferred embodiment is understood to be a single seal between two metallic
surfaces without any secondary seal, soft seal or a combination of such. It is also an aim to
provide a device with a reduced erosion rate of the sealing surface. Another aim is to provide a
device with an increased flow area compared with similar known valves. There is a further aim
to provide a device with minimal flow restrictions and disturbances in the injection flow, giving
reduced pressure losses across the device.

[0006] These aims are achieved by a device according to the following claims and alternative
embodiments are given in the description.

[0007] The present invention regards a device designed for injection and stimulation of fluids in
a well bore, typically an offshore well bore for petroleum production and gas injection / gas lift
system for fluid injection. The device may also be used for chemical injection of other
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constituents such as well stimulation fluids, cutting injection, water injection etc. This device,
which is used to create a one-way seal within a Christmas tree or a wellhead flange outlet,
seals off within a dedicated spool piece, which spool piece is made up between the wellhead
and a manual gate valve. A hydraulic port in the spool piece allows hydraulic pressure to be
routed to the device for its operation.

[0008] The device comprises an outer hollow housing with an internal body moveable within
the outer housing. According to the invention the internal body comprises an internal bore
which in a first closed position is closed with a metal to metal seal system between the outer
housing and the internal body. The movement of the internal body may be operated by
pressure differential across the internal body. This pressure differential may be a fluid pressure
operating on surfaces of the internal body, which surfaces may be exposed to different fluids.
These fluids may be well fluids on one or more surfaces for operating the device or injections
fluid on one surface and well fluid on another surface or combinations. According to an aspect
the pressure differential across the internal body is assisted by at least one predetermined
pressure balanced elastic element to open and close the device. According to the invention the
elastic element comprise a spring element enclosed in a chamber, which chamber is filled with
a fluid separate from both well and injection fluid.

[0009] According to the invention the internal body comprises at least one slot between the
bore and the outside of the internal body. These slots in the internal body are leading directly
to the outside of the outer housing in an open position of the device, and are positioned within
the outer housing in a closed position of the device. The part of the internal body comprising
the slots are moved relative the outer housing from a position within the outer housing in a
closed state of the valve to a position at least partly outside the housing in an open state of the
valve.

[0010] According to an aspect of the invention the slots may be longitudinal and distributed on
the circumference of the inner body. The distribution may be evenly around the circumference
of the internal body. The form of the slot may be even or odd around the circumference of the
body. The slots may be longitudinal with a main longitudinal direction mainly parallel with a
longitudinal axis of the internal body. The slots may be longitudinal with a main direction at an
angle relative to the longitudinal axis of the internal body or form a part spiral shape around a
longitudinal axis, or formed with another shape. The slots around the internal body may also
be of different shapes, whereof some may be larger than other slots.

[0011] According to another aspect the slots in the internal body may be made beveled and
angled from an internal surface to an outer surface of the internal body in order to obtain
stream line flow.

[0012] According to another aspect of the invention the seal system comprises a valve seat in
the outer housing and a valve element sealing surface on the internal body. With open position
one should in this description understand a position wherein the slots of the internal body are
positioned with at least a part outside the outer housing seen in a direction transverse to the
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longitudinal axis of the device.

[0013] According to another aspect of the invention the valve seat and the valve element
sealing surface in an open or partially open position are positioned on opposite sides of a slot
seen in a longitudinal direction of the device. This gives that the slots forming the flow path of
the injection fluid are positioned between the valve seat and the valve element sealing surface
in an open position of the device.

[0014] According to another aspect of the invention the valve seat may comprise a low
pressure guide to obtain optimal guiding sealing engagement as a secondary embodiment.
According to another aspect the internal body comprises a stop surface which in a fully open
position of the device is abutting against a corresponding surface in the outer housing.

[0015] According to another aspect of the invention the internal body and outer housing may
comprise corresponding parts of at least one guiding element predefining a travel between a
closed and an open position of the device. In addition or alternatively the internal body may
comprise at least one fluid balanced wing(s) or baffle(s) and or added slots in the internal
surface of the internal body exposed to the injection fluid to guide the internal body in a
predetermined travel between open and closed position of the device. This predefining travel
may be linear, rotational and or a combination of this. According to another aspect of the
invention the device further may comprise at least one element for overriding and or controlling
the open and or closed position of the device. According to another aspect of the invention the
outer housing may comprise a wiper element positioned to abut against and clean the sealing
surface during closing of the device. This is favorable in the case when the injection fluid
contains particles prone to be attached to the sealing surfaces.

[0016] According to another aspect of the invention the elastic element may comprise a spring
element enclosed in a chamber, which chamber is filled with a fluid separate from both well
and injection fluid

[0017] According to yet another embodiment the outer housing and or the internal body may
comprise several separable elements connected by for instance threaded joints. This gives the
possibility to replace for instance the element of the outer housing comprising the valve seat
without having to replace the whole housing.

[0018] The injection device of the present invention may also be positioned in a hydraulic spool
piece in relation to a Christmas tree as mentioned above. The spool piece may be formed as a
flange and comprise a main bore, in which main bore the injection device may be positioned.
There may also be additional side bores for adding of hydraulic fluid and possible venting. The
side bores may be adapted to be in communication with at least one opening in the outer
housing of the injection device, in order to add hydraulic fluid for operation of the device. Such
a system will be equipped with additional sealing elements in appropriate places and a skilled
person will understand this. The device may also comprise a pretension means to set the
device, i.e. the valve to a given position when hydraulic pressure is not present through the
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opening, for instance a closed position. The pretension device may be an elastic element such
as spring or other pretension means. These features of the invention will provide a device
where the flow path of the injection fluid is substantially less tortuous than other known gas
injection valves due to the more direct flow through the bore in the internal body and directly
out through the slots of the valve. This also gives less pressure losses across the valve. The
present invention is also a device with few elements, compared with the majority of other
known injection valves. This gives a more reliable device as well. The present invention also
has a relatively large flow area through the device; compared with the majority of other known
injection valve of similar size.

[0019] Following there will be given a non- limiting description of embodiments of the invention
with reference to the accompanying drawings, where

Fig. 1 shows a cross section of an embodiment of the present invention in an open and closed
position of the device, and

Fig. 2 shows a cross section of a second embodiment not forming part of the invention in a
closed position of the device.

[0020] In fig. 1 there is shown a first embodiment of a device according to the invention. A
skilled person will understand how to position the valve device within a well stream and this is
therefore not described in this application.

[0021] In fig. 1 the device comprises an outer housing 1, which is formed from several
elements, with an internal body 2 movable within the outer housing 1 between two positions,
an open position shown to the left in the figure and a closed position shown in the right half of
the figure. The internal body 2 is movable in the longitudinal direction of the internal body 2
and outer housing 1. The outer housing 1 comprises an injection fluid inlet at one end of the
outer housing 1 connected to a source of injection fluid (not shown).The injection fluid is
transferred through an internal void of the outer housing 1 to an internal bore 3 of the internal
body 2. The bore 3 stretches in the longitudinal direction of the internal body 2. The injection
fluid will thereafter in an open position of the valve flow through slots 4 leading from the internal
bore 3 to the outside of the internal body 2, and the outside of the outer housing 1. This gives
a flow pattern in an open position of the valve for the injection fluid which is with a minimum
amount of bends, obstructions and or diametrical changes, giving minimal pressure losses
across the valve. To improve the flow pattern a surface 9 of the slots 4 between an internal to
an external side of the internal body 2 may be angled with angles other than 90 degrees with a
longitudinal axis of the device. The surfaces 9 may also be formed with varying angles
dependent on where around the slot 4, the part of the surfaces 9 it is.

[0022] The valve shown also comprises an elastic element 6 arranged between a shoulder of
the outer housing 1 and a shoulder of the internal body 2, biasing the internal body 2 to a
closed position of the valve. When the pressure differential across the internal body 2 reaches
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a set limit this pressure difference will move the internal body 2 against the elastic element to
an open position, where also a stop surface 21 of the internal body 1 may be abutting a stop
surface 20 of the outer housing 2, or the pressure from the elastic element will move the
internal body 2 to a closed position of the valve.

[0023] The internal body 2 comprises an annular, valve element sealing surface 11, with a
mainly conical shaped surface. This surface 11 is arranged close to an end of the internal body
2 with the end of the conical shaped surface 11 with the larger diameter, furthest away from
the slots 4 of the internal body 2. The slots 4 are arranged close to an end of the internal body
2, and the surface 11 closer to the same end of the internal body 2. The sealing surface 11 of
the internal body cooperates with a valve seat 10 arranged in the outer housing 1. The valve
seat 10 in the outer housing 1 is arranged on the relative speaking other side of the slot 4,
when these are in an open position, compared with the sealing surface 11 of the internal body
2, seen in a longitudinal direction of the device. In a closed position, the internal body 2 is
moved relative to the outer housing 1 so that the sealing surface 11 is abutting the valve seat
10, giving a sealed, metal to metal seal for the valve. In this closed position the slots 4 of the
internal body 2 will be positioned within the valve device.

[0024] In this embodiment there is arranged a wiper element 50 at the end of the outer
housing. This wiper element will when the valve is closing abut against the valve element
sealing surface 11, scraping off any attached particles and other foreign element from the
sealing surface 11 before it comes in contact with the valve seat 10 for sealing engagement
between the surface 11 and the valve seat 10. The elastic element 6, in the form of a spring is
arranged in a closed chamber 52, with an opening 53 between this chamber 52 and a second
chamber 54 which works as a storage chamber for fluid within chamber 52 when the elastic
element 6 becomes compressed. The two chambers 52, 54 are separated from each other by
an internal flange 51 of the outer housing 1, giving only a small passage 53 for the transferal of
fluid between the chamber 52, 54, thereby also regulating the movement of the inner body 2
relative the outer body 1. The form of the closed chambers 52, 54 around the elastic element,
keeps any foreign particles which may affect the performance of the elastic element 6, away
from the elastic element 6.

[0025] In fig. 2 there is shown a second embodiment of the device comprising an outer
housing 1 and an internal body 2 movable within the outer housing 1. The outer housing 1 has
an inlet 7 for the fluid entering the valve device, and there may in relation to this inlet also be
positioned an orifice 8 to regulate the flow through the device, to for instance give the flow a
rotating flow pattern. The outer housing 1 comprises a first part 1A and a second part 1B
comprising the valve seat surface 10, which two parts 1A, 1B are connected by a threaded
connection 1C. The outer housings second part 1B also comprises a stop surface 20. There
are also an aerating opening 56 in the outer housing to prevent any trapped fluid between the
internal body 2 and the outer housing 1 from stopping the movement between the internal
body 2 and the outer housing 1, this opening 56 may also be connected to a source of
hydraulic fluid to operate the device between a closed and an open position. In such a
configuration there will be appropriate sealing elements arranged between the internal body 2
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and the outer housing 1 and a skilled person will understand how this is done.

[0026] The internal body 2 comprises in this embodiment a first part 26 and a second part 27,
connected by a threaded connection 28. The first part 26 comprises an internal bore 3
connected with the inlet 7 of the outer housing 1, so that the inlet 7 leads directly to the internal
bore 3 without any deviation of the flow of fluid through the device other than possibly passing
an orifice 8, to give the flow of fluid through the valve device a most direct route with reduced
pressure loss. The first part 26 further comprises an aerating opening 55, connecting the
internal bore 3 with an chamber 52 formed between the outer housing and the internal body
and the stop surface 30 of the outer housing and a stop surface 21 formed in the outer wall of
the internal body, limiting the movement of the internal body 2 relative the outer housing in the
open state of the valve. The first part 26 of the internal body 2 comprises also slots 4 running
from the internal bore and radially outwards through the wall of the internal body 2. The slots 4
in this embodiment has a more elliptic form and the slot surface 9 formed in the wall of the
internal body are formed at an angle different then 90 degrees with a longitudinal axis of the
internal body, thereby directing the flow of fluid out of the device. The second part 27 of the
internal body 2 comprises the sealing surface 11 for abutment against the valve seat 10
arranged on the outer housing 1. Looking at the internal body in a radial direction gives that
the sealing surface 11 forms an end of the second part 27 adjacent a section of the first part 26
of the internal body, and in between there is positioned additional sealing element 19, kept in
place by the connection of the first 26 and second part 27 of the internal body 2. This sealing
element 19 will also form a part of the sealing surface as it in a closed position of the valve
device partly will abut the valve seat 10 of the outer housing 1. The internal end surface 18 of
the internal bore 3 in the internal body 2, close to the slots 4 is in this embodiment
countersunk. In the embodiment in fig. 1 the similar surface is a flat surface. This internal end
surface will form part of a pressure surface regulating the position of the valve device as a
response to a pressure differential across the valve device.

[0027] As an alternative, one could also use the device to vent gas back out of the casing
annulus. This can be done when the device is in an open position, where elements for
overriding and or controlling the device are used to hold it in the open position.

[0028] The invention has now been explained with an embodiment. Only elements related to
the invention is described and a skilled person will understand that an outer housing or internal
body may be formed in one unit or be comprised of several connected elements, and that the
inlets have to be connected to a source of the fluid to be injected, that there should be
appropriate attachment devices for attaching the valve within a process fluid stream and inside
a hydraulic flange, and that there of course will be arranged for instance sealing element
between several elements as a standard. The skilled person will also understand that one may
make several alterations and modifications to the described and shown embodiment that are
within the scope of the invention as defined in the following claims.

REFERENCES CITED IN THE DESCRIPTION



DK/EP 1987226 T3

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o WO20040982537A1 [0002]
o CAR2461485A1 [6002]
o USH186259E8 [0083]




(@)

10

15

20

25

30

DK/EP 1987226 T3

Patentkrayv

1. Indretning til injektion og stimulering af fluider i et procesfluid, typisk en off-
shore-brondboring, typisk instalieret pa juletrazer eller borehoveder, til réaolie-
produktion og gasinjektion / gaslgftesystem, hvor indretningen omfatter et ud-
vendigt hult hus (1) og et indvendigt legeme (2), der er beveaegeligt inden 1 det
udvendige hus (1), omfattende en indvendig boring (3), som i en lukket position
er iukket med et teetningssystem (10, 11) mellem det udvendige hus (1) og det
indvendige legeme (2), hvilket indvendige legeme (2) fungerer med en trykfor-
skel pa tveers af det indvendige legeme (2), hvor det indvendige legeme (2)
omfatter mindst en spalte (4), der danner udigb af den indvendige udboring
(3), som i en aben position af indretningen er positioneret i det mindste delvist
uden for det udvendige hus (1), der ferer ud til et omgivende fluid, kendeteg-
net ved, at indretningen yderligere omfatter et lukket forste kammer (52), der
fyldes med et fluid, der adskiiler sig fra begge, udborings- og injektionsfiuid og
en abning (53) meliem dette lukkede kammer (52) og et andet kammer (54),
idet det farste og det andet kammer adskilles fra hinanden af en indvendig
flange (51) af det udvendige hus (1), og i hvilket ferste kammer (52) et forud-
defineret trykudlignet elastisk element (6), omfattende et fiederelement er in-
desluttet, hvor trykforskellen pa tveers af det indvendige legeme (2) er under-
stottet af det foruddefinerede trykudiignede elastiske element (6) for at abne
og lukke indretningen.

2. Indretning ifgige krav 1,
kendetegnet ved, at spalterne {4) er langsgaende og fordelt pa omkredsen af
det indvendige legeme (2).

3. Indretning ifalge krav 2,

kendetegnet ved, at spalterne i det indvendige legeme (2) er affasede og
vinkiede fra en indvendig flade tit en udvendig flade af det indvendige iegeme
(2) for at opna en foruddefineret stremlinjestremning.

4. Indretning ifelge krav 2,
kendetegnet ved, at de langsgaende spalter i det indvendige legeme (2) er
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parallelie med indretningens feengderetning eller vredet eller bejet omkring
lzengdeaksen.

8. Indretning ifelge krav 1,

kendetegnet ved, at teetningssystemet omfatter et ventilszede (10) i det ud-
vendige hus (1) og en ventilelementtaetningsflade (11) pa det indvendige le-
geme (2).

8. Indretning ifelge krav 5,

kendetegnet ved, at ventilsaedet (10) og ventilelementtaetningsfiaden (11) i
en aben eller delvist aben position er anbragt pa modsatte sider af en spalte
(4) set i enileengderetning af indretningen.

7. Indretning ifgige krav 1,
kendetegnet ved, at indretningen yderligere omfatter elementer til at tilside-
seette og/eller styre indretningens abne eller lukkede position.

8. Indretning ifoige krav 1, kendetegnet ved, at det udvendige hus (1) omfat-
ter en gennemgaende abning (58) til at gere det muligt for det hydrauliske fluid
at blive tilfgjet til indretningen for funktion mellem indretningens abne og luk-
kede position.

9. Indretning ifolge krav 5, kendetegnet ved, at det udvendige hus (1) omfat-
ter et aftarringselement (50), der er anbragt til at ligge an mod og rense teet-
ningsfladen (11) under lukning af indretningen.

10. Indretning ifazlge krav 5, kendetegnet ved, at taetningsfladen {11} i en aben
position af indretningen er anbragt uden for den udvendige ende af det udven-
dige hus (1)
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