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FIG. 2

The present invention relates to device for increasing the production flow (8) In a production tubing(3), comprising at least one
Inlet(6) for adding a fluid medium (9) and means to provide the added fluid at an angle alpha between 90 and zero degrees with a
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longitudinal axis of the tubing. This effect is further enhanced by means (7, 12, 13) for rotating the added fluid medium. A method
for Increasing the production flow In a production tubing Is also disclosed.
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(54) Title: POWER LIFT GENERATOR

(57) Abstract: The present invention relates to device for increasing the
production flow (8) in a production tubing(3), comprising at least one in-
let(6) for adding a fluid medium (9) and means to provide the added fluid
18 at an angle alpha between 90 and zero degrees with a longitudinal axis of
the tubing. This effect is further enhanced by means (7, 12, 13) for rotating
3 the added fluid medium. A method for increasing the production flow in a
production tubing is also disclosed.
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Power Lift Generator

The present invention relates to a device for injecting gas into a production tubing
of a subterranean well and a method for the same for enhancing the flow of a me-
dium from a geological formation.

In producing hydrocarbons, including water, oil and oil with entrained gas, from a
geological information, natural pressure in the reservoir acts to lift the produced
medium upwards to the surface through a production tubing. The reservoir pressure
must exceed the hydrostatic pressure of the fluid in the well bore and back-pressure
imposed by the production facilities at the surface for the well to produce naturally.
This is not always the case and one needs to assist the production flow to set it out
of the production tubing.

The production may be enhanced by artificial supply of energy to the medium in the
production tubing. The two most commonly used systems are water injection and
gas injection. Other production enhancement method exists through installation of
subsea or sub surface electrically driven pumps or other elements to assist the pro-
duction flow out of the production tubing. The basic idea for all such methods is to
drive more hydrocarbons out of reservoir.

All artificial lift system known today releases a stream of medium into the produc-
tion tubing, without controlling the stream’s shape other than breaking the main
injection stream into smaller streams and bubbles. Current release ot stream me-
dium like this can cause that the part of the stream medium will act against the pro-
duction flow in the tube (i.e be added with a direction downwards in the production
tubing) and thereby result in decreasing the production flow.

It is an aim with the present invention to provide a more efficient device and
method to increase the production flow in a production tubing.

It is a further aim of the present invention to provide an improved method for in-
creasing the production flow in a production tubing.

These objects are achieved with a device and a method according to the invention as
defined in the enclosed independent claims, and embodiments of the invention are
given in the dependent claims.

The present invention regards a device for increasing the production flow in a pro-
duction tubing. The device comprises at least one inlet for adding a fluid medium
‘and means to provide the added fluid at an angle a between 90 and zero degrees
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with the longitudinal axis of the tubing with an open end of the angle facing up-
stream.

The angle 90 degrees is defined to be perpendicular to the production flow in the
tubing and zero degrees is parallel with the production flow in the tubing with a
direction upwards to the surface.

Preferably the added fluid is injected at an angle a between 90 and 0 degrees, more
preferably between 88 and 2 degrees.

A production tubing in the present invention is either tubing within a casing posi-
tioned within a drilled well or a production riser between a sub sea installation and
a production and or storing facility, where this facility can be a tloating structure or
a facility situated on the seabed or on land. It may also be a seabed pipeline leading
to a processing plant.

With inlet in the present invention it should be understood an entering or a lead-in
or an opening through the wall of the production tubing where through a flow of the
fluid medium enters the production tubing. There may be, according to the inven-
tion, one or several inlets, where they may be arranged in different ways; 1f two
inlets these may be opposite each other on two diametrical opposite positions in the
tubing, there may be several inlets arranged evenly around the circumference of the
tubing, or they may be staggered, symmetrical, or possibly in line to form a helix or
a spiral and they may be arranged in several similar layers etc.

According to an aspect of the invention the device for increasing the production
flow may comprise means to provide a rotation of the added fluid medium. There
are two ways the added fluid medium may be rotated and one may use both or just
one of this ways. A rotation of the added fluid medium around a central axis of the
inlet may be achieved by forming an internal wall of the actual inlet with grooves,
protrusions, ribs or other configurations to initiate a rotation of the added fluid
around the axis of the inlet. By internal wall it should be understood an inside part
of the inlet, this being either the hole/opening in the actual production tubing or a
sleeve/pipe stub which is connected to the production tubing at the outside or inside
of the production tubing.

Another possibility for achieving rotation around the centre axis of the inlet, 1s to
form the internal wall of the inlet with a shape giving rotation to the added fluid
medium, by giving the internal wall itself an angled form.

Rotation may also be achieved by giving the added fluid medium a tangential com-
ponent in relation to a longitudinal axis of the production tubing through the inlet,
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the inlet may in this instance be formed in a way so that a inlet center axis do not
cross a centre axis of the production tubing. |

Positions of the device(s) and or inlet(s) is field and well specific and is usually
determined before the well is brought on line; it will for instance be possible to ar-
range one or more devices at different heights of the production tubing if the den-
sity of the produced medium is high or if the pressure in the well is too low, in or-
der to achieve the desired flow through the production tubing.

There may as said be several devices along the production tubing and these may be
of similar or different configurations, depending on the needs in the field or well.
In a possible embodiment of the device it comprises means for heating the added
fluid medium before adding the fluid to the production tubing, where the heating
can be done by direct heating, heat exchange, etc. This heating can either be done
on an external facility or with the hydrocarbons in the well.

According to another aspect of the invention means for providing angling and or
rotation of the added fluid may also comprise guiding means within the production
tubing itself.

The rotation of the added fluid medium around the centre axis of the production
tubing may be achieved or assisted by forming the internal wall of the production
tubing with grooves, protrusions, ribs or other configurations, where these means
furthermore may be angled with respect to an axis perpendicular to the production
flow.

Another possibility to give the added fluid medium a rotation may be to extend the
inlet so that it protrudes through the production tubing and a distance into the actual
production flow.

Yet another possibility to give the added fluid medium a rotation, may be to insert a
rotating element with grooves, protrusions, ribs or other configurations or a paddle-
wheel inside the production tubing and in vicinity of the device.

Yet another possibility in order to increase the production flow may be to insert a
rotating member between the casing and the production tubing, where the rotating
member includes impeller blades. This will assist in adding rotation to the added
fluid before it enters the production tubing. The impeller blades can further be
placed on either inside or outside of the rotating member. The added fluid medium
can be added in a area beneath the impeller blades, and forced upwards over the
impeller blades thereby creating a swirling effect; an alternative way is to lead the
added fluid medium direct on the impeller blades, where the energy that the added
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fluid has when it leaves the impeller blades (release energy) will be a part of the
total rotational force that is generated. The impeller may thereby be passively or
actively rotated, 1.e rotated as a result of the fluid forced towards the impeller
blades or alternatively by a motor arranged to rotate the impeller, or a combination.
According to this embodiment the area above and below the rotating member is
sealed off by a packer system, the system comprising safety valves.

Yet another possibility to give the added fluid medium a rotation, may be by nar-
rowing a part of the production tubing. The narrowing may be done either by an
“expanding element” (see fig. 3 c¢), formed as a diverging pipe part or by an inser-
tion part formed as a cone located coaxial to the production tubing axis.

According to yet another aspect of the invention the device may comprise outside
guiding means for guiding the fluid in the angled direction before entering the inlet
and the production tubing. Outside guiding means may be a pipe running from a
source of the added fluid medium to the inlet where the end of the pipe is having a
partly U-shape configuration ending in the inlet.

The added fluid medium can be gas, liquid, processed well fluid or a part of the well
fluid from the reservoir, where it can be taken at the position in vicinity of the de-
vice or added from an installation away from the device, for instance a floating pro-
duction facility.

It is to be noticed that the device for increasing the production flow can be a sepa-
rate, external unit and therefore also replaceable, which can be installed on the pro-
duction tubing/seabed pipeline or it can be prefabricated in a pipe length.

The installation or the prefabrication of the device is however not a part of the in-
vention, and is therefore not discussed further.

The invention also regards a method for increasing the production flow in a produc-
tion tubing. The method comprises adding the added fluid medium at an angle a
into the production tubing through at least one inlet.

According to another aspect of the method 1t comprises rotating the added fluid me-
dium inside the production tubing. '

The added fluid medium can be supplied into the production tubing in several ways,
for instance through at least one pipe. The pipe can, in a way known to a skilled
person, be connected to the devices and or inlets which are arranged on or round the
production tubing. One alternative way to supply the added fluid medium to the
production tubing is to use annulus.
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The main feature of the device is therefore to control and increase well effluent
production from reservoir by introducing the medium injection stream into the de-
vice where it creates an under-pressure within the inner tubing of the device, and as
a result the device will establish a vacuum with suction into the reservoir. The de-
vice(s) can be placed from reservoir and up to end of process separation train,
where the device(s) can be installed permanently or as a retrievable system. This
can be done by letting the device be a part of the production tubing or it could com-
prise one or several separate elements which are lowered and installed along the
production tubing.

Typically a production well, which will be planned for “Artificial Lift”, will plan to
install one or more side pocket mandrels or other communication ports to assist in
the artificial lifting of the well by reducing the hydrostatic column weight. Other
production string, such as concentric production string with a separate gas injection
line can also be used, and as such, the layout of the production string 1s of no re-
striction to the device.

Brief description of the drawings

The foregoing and other objects, features and advantages of the invention will be
apparent from the following more particular description of preferred non-limiting
embodiments of the invention, as i1llustrated in the accompanying drawings.

Fig. 1 is schematic view of the present invention
Fig. 2 is a cross-sectional illustration of the inlet along the longitudinal direction ot
the production tubing

- Fig. 3 A-J shows alternative embodiments for angling and or rotating the injection
fluid through the inlet and in the production tubing

While the invention is subject of various modifications and alternative forms, spe-
cific embodiments have been shown by way of example in the drawings and will be
described in detail herein. The drawings are further not necessarily in scale and the
proportions of certain parts have been exaggerated to better illustrate particular de-
tails of the present invention.

In the description which follows, like part are marked throughout the specification
and drawings with the same reference numerals, respectively.

Detailed description of the preferred embodiments |
Referring now to figure 1, an embodiment of the invention is showed, where an oil

well 4 is connected to a floating structure 1 or a seabed- 2 or land-based structure
(not shown) by a production tubing 3, where these structures can be production and

or storing facilities.
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In order to enhance the production of the well 4, a fluid medium is injected into the
production tubing 3. This is done by placing one or more devices 5 along the pro-
duction tubing 3, through which devices 5 the added medium 1 is injected.

The added fluid medium can be gas, liquid, processed well fluid or even a part of
the well fluid from the reservoir and can be taken at the position in vicinity of the
device 5 (that is from the well) or added from an installation 1, 2 away from the
device 3.

How many devices 5 should be placed along the riser or tubing 3 and which features
they should possess, will depend on the needs in the field or well.

In figure 2 a cross-section taken along the longitudinal axis of the production tubing
3 with installed device 5 with an inlet 6 is shown. In this particular embodiment the
device is prefabricated in the pipe length. The added fluid medium is supplied from
one or more pipes 11 and through one or more inlet(s) 6, at which the fluid is an-
gled. Instead of using pipes, the medium can also be delivered through an annular
space 10 between the casing and the production tubing. The angle 90 degrees is de-
fined to be perpendicular to the fluid flow 8 which is mainly parallel with a longitu-
dinal axis of the production tubing while 0 degrees is parallel with the production

flow in the tubing 3 with a direction upwards to the surface. The angle o indicates
the angle at which the added fluid is injected into the production tubing, and pref-
erably this angle is between 88 and 2 degrees.

In order to enhance the production flow 8 further, the device can comprise means
(not shown) for heating the added fluid/medium before the fluid is injected to the
production tubing. These may for instance be arranged within the device 5.

There are several embodiments to enhance the production flow 8 according to the
invention, where some of them are shown in figure 3; this can be achieved by ar-
ranging grooves, ribs, protrusions 7 etc. on a inlet 6 internal wall or on a inside of
the production tubing 3 as shown in figure 3A-B, by expanded elements 12 or in-
serted elements 13 1n the production tubing 3 as shown in figure 3C-E or by shaping
the inlet 6 portion as shown in figure 3F-H.

In figure 3A the rotation or swirling of the added fluid medium can be achieved by
shaping or forming the internal wall of inlet 6 with grooves, protrusions or ribs 7.
The shape of inlet 6 itself could also be designed to give the added fluid medium a
tangential component through the inlet 6 by having the centre axis of the inlet 6 not
crossing a centre axis of the production tubing 3, see also figure 3H.
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Alternatively, as shown in figure 3B, rotation may also be achieved by having a
production tubing 3, comprising ribs or vanes 7 which are angled in relation to a
possibly angling of the inlet 6 in the fig. 2. The ribs or vanes 7 can be formed as
continuing or broken threads. Materials, thickness and profile of the ribs or vanes 7
will also be of importance when the swirling or rotation of the added fluid medium

1s decided.

The desired effect of the rotation could also be achieved by combining two or more
of the features discussed in a device 5. This can be seen in the fig. 3C, where the
rotation or the swirling of the added fluid medium is obtained by narrowing a part
of the production tubing and angling of the inlet 6. One or more expanding elements
12 are placed inside the production tubing to cooperate with the inlet 6.

In fig. 3D an inserted, rotating element 13 formed as a truncated cone within the
production tubing 3 where the inlets 6 are facing the axis of the cone 13 and the
production flow 8 is guided through the cone 13 will provide the wanted rotation of
the fluid medium; the inserted element 13 can furthermore be allowed to rotate and
or to be designed with ribs or vanes 7.

As can be seen in figure 3E, instead of forming the internal wall of the production
tubing 3 with protrusions, ribs or grooves 7, a rotating element 13 can be inserted
into the production tubing 3, in order to give the added fluid medium a rotation or
swirl; the rotating element 13 may be fixed to the production tubing 3 or 1t can ro-
tate.

Figures 3F-H show further embodiments of the invention, where the wall of the
inlets 6 is formed/shaped in such a way that the desired swirling or rotation of the
added fluid medium can be obtained. The added fluid medium can be added through
the space 10 between the casing 18 and the production tubing 3 (see also figure 3E),
or by sealing off a space with packers 15 above and below inlet(s) 6 and supplying
the added fluid medium through one or more pipes 11 In figure 3H the rotation of
the production flow 8 is gained by giving the added fluid medium 9 a tangential
component in relation to a longitudinal axis of the production tubing through the
inlet 6. The inlet 6 may in this embodiment be formed in a way so that an inlet 6
center axis do not cross a centre axis C of the production tubing 3.

Figures 3 I-J are alternative embodiments of the invention, where the device 5 com-
prlses a rotating member 13 provided with impeller blades. The rotating member 13
is allowed to rotate or rotated relative the production tubing 3, thereby adding a ro-
tational force to the added fluid medium before it is added through the inlets 6 into
the production tubing 3. A packer system 15 is sealing off the area between the cas-
ing 18 and the production tubing 3 above and below the device 5 thereby forming an

7
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annular chamber 17. Further, the rotating member 13 is anchored to the packers 15,
for instance by means of roller bearings 16, thus allowing the rotating member 13 to
rotate. Since one would like to add the added fluid with a positive angle relative the
flow direction 8 of the fluid within the production tubing 3. The added fluid 1s
transferred from the surface to the annular chamber 17 and in the bottom of this
annular chamber 17 the flow direction of the added fluid is turned to be directed in
the same direction as the flow within the production tubing 3, 1.e. the annular cham-
ber is divided in at least two compartments both having a flow of added fluid but 1n
opposite directions. This division of the annular chamber 17 may be formed by the
rotating member 13 or by a divisional wall of the rotating member 13 and 1s acting
on the added fluid in the compartment where the added fluid is flowing in the same
main direction as the flow through the production tubing 3. In order to be able to
shut-off the production tubing, for instance in connection with installation of the
packer system and or with unwanted situations, there are above and over the packer
system 15 installed safety valves (not shown in any figures), where these are con-
trolled from an external facility.

In one embodiment shown in the figure 31 the rotating member 13 has the impeller
blades shaped on both its inside and outside i.e. there is another divisional annular
shaped wall. In order to obtain a rotation of the rotating member 13, and thereby
also the desired effect of the swirling, added fluid medium, the added fluid medium
is injected into the compartment with the rotational member 13, guided through this
compartment and thereby given a swirling effect before it is injected into the pro-
duction tubing 3 through one or more inlets 6. This injection of the added fluid me-
dium to the compartment 17 will drive the rotating member 13 to rotate and due to
the shape of the impellor blades, the injected fluid medium will be forced to rise
whereby it is discharged to the production tubing 3 through one or more inlets 6
along the rotating member 13. At the same time, the blades on the impellers inside
will, because of the rotation of the rotating member 13, begin to create a rotation of
the flow 8 in the production tubing 3. Further, if the rotation speed exceed a certain
value, the blades on the impellers inside will form an under pressure in the produc-
tion tubing 3, thereby increasing the swirling effect further. The inlets 6 can further

be closable.

In the other embodiment shown in the figure 3J, the rotating member 13 has the 1m-
peller blades shaped on its inside. Correspondingly as above, the added fluid me-
dium is injected into the compartment 17 comprising the rotating member 13, near
the lower part of the rotating member 13. The lower part of the rotating member 13
is further designed as a distribution chamber (openings and leading means) for the
added fluid medium, in order to create an exact direction for the added fluid me-
dium. When the added fluid medium is released inside the production tubing 3
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through one or more layers of inlets 6, the rotating member 13 will have, by its rota-
tion, created a swirling effect in the added fluid medium.

One should understand that the added fluid medium is supplied to the production
tubing 3 by way of pipes 11 and or through the space 10 between the casing 18 and
the production tubing 3. How this is done will be evidently for a skilled person and
1s therefore not discussed further.

While the structures and methods of the present invention have been described in
terms of preferred embodiments, it will be apparent to those skilled in the art that
variations may be applied to what has been described herein without departing trom
the concept, script and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit,
scope and concept of the invention as it is set out in the following claims.
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CLAIMS

. Device for increasing the production flow (8) in a production tubing (3),

whére the production tubing (3) comprises at least one inlet or port (6) for
adding a fluid medium (9), the fluid medium (9) being added through the in-

. let (6) at an angle a between 90 and 0 degrees with a longitudinal axis of the

production tubing (3), with an open end of the angle facing upstream,
characterized in thatit comprises a rotating member (13) provided
with impeller blades is arranged in an annular chamber (17) between a casing
(18) and the production tubing (3), the annular chamber (1 7) being formed
by a packer system (15), the annular chamber (17) further being divided in ;it
least two compartments both having a flow of added fluid but in opposite di-

rections, such that the flow direction of the fluid medium (9) is turned in the

bottom of the annular chamber (17), the fluid medium (9) being provided
with a rotation relative the production tubing (3) before it is injected into the
production tubing (3) through inlets (6).

. Device according to claim 2, characterized in that the means for pro-

viding rotation comprises at least one rotating member (13).

. Device according to claim 2, characterized in that the rotation of the

added fluid (9) is made by rotating the added fluid around an axis of the inlet

(6) and or by adding the fluid with a tangential angle,

. Device according to one of the preceding claims, characterized in that

the means for providing rotation of the added fluid comprises guiding means
(7) within the production tubing.

: Device_ according to one of the preceding claims, char acterized in that

means for providing rotation of the added fluid comprises shaping of the in-
let (6) opening in the production tubing

. Device according to one of preceding claims, characterized 1n thatit

comprises outside guiding means for guiding the added fluid in the angled
direction before entering the production tubing.

. Device according to claim 1, characterized in that it comprises a pipe

(11) running from a source of the added fluid to the inlet (6), and packing
means (15) between the production tubing (3) and an outer casing (18) above
and below the inlet (6) and the end of the pipe (11) having a partly U-shape
ending in the inlet (6).

. Device according to one of the preceding claims, characterized in that

the device (5) may be a separate external unit or a prefabricated pipe length.

AMENDED SHEET -
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9. Method for increasing the production flow in a production tubing, where a
fluid medium (9) is added with an angle through at least one inlet or port (6),
characterizedin that a rotating member (13) with impeller blades is
arranged in an annular chamber (17) between a casing (18) and the produc-
tion tubing (3), the annular being formed by a packer system (15), the annu-
lar chamber (17) further being divided in at least two compartments both
having a flow of added fluid but in opposite directions, such that the flow di-
rection of the fluid medium (9) is turned in the bottom of the annular cham-
ber (17), , to provide a rotation in the added fluid medium (9) relative the
production tubing (3) before it is injected into the production tubing (3)
through inlets (6). o |

AMENDED SHEET
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