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ABSTRACT

A remotely controlled fluid/gas control system comprising a side pocket 

mandrel having a primary bore and a laterally offset side pocket; an inlet port 

allowing said side pocket to communicate between said primary bore and the

5 exterior of said side pocket mandrel; a fluid/gas control system in said side pocket, 

said fluid/gas control system including; a motor; an extendable shaft extending 

from said motor and linearly movable within said side pocket; a gas regulator 

connected to said shaft; a fluid regulator connected to said shaft and spaced from 

said gas regulator; seals separating said gas and fluid regulators; an electronic
10 controller in communication with said motor for actuating said motor and moving 

said shaft linearly to sequential positions wherein said gas regulator 

communicates with said inlet port and said fluid regulator communicates with said 
inlet port.
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Background of the Invention:
Field of the Invention

The invention relates to well production control systems, and more 
particularly, to a computer controlled gas lift system.

10
Prior Art

In the operation of hydrocarbon production wells, gas lift apparati 
are occasionally employed to stimulate movement of fluid uphole. The 
operation ranges from simply pumping high pressure gas downhole to force

15 fluids uphole to pumping additional fluids into the production fluid
lowering the specific gravity thereof and thus increasing the "interest" of 
the fluid in migrating toward the surface. Gas lift apparati are also 
periodically employed when, a mixture of oil and' water collects in the 
bottom of a gas well casing and tubing in the region of the producing '·.

20 formation and obstructs the flow of gases to the surface. In a "gas lift" 
well completion, high pressure gas from an external source is injected into 
the well in order to lift the borehole fluids collected in the well tnbing 
to the surface to "clear" the well and allow the free flow of production 
fluids to the surface. This injection of gas into the well requires the

25 operation of a valve controlling that injection gas flow known as a gas
lift valve. Gas lift valves are conventionally normally closed restricting
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the flow of injection gas from the casing into the tubing and are opened to 
allow the flow of injection gas in response to either a preselected 
pressure condition or control from the surface. Generally such surface 
controlled valves are hydraulically operated. By controlling the flow of a

5 hydraulic fluid from the surface, a poppet valve is actuated to control the 
flow of fluid into the gas lift valve. The valve is moved from a closed to 
an open position for as long as necessary to effect the flow of the lift 
gas. Such valves are also position instable. That is, upon interruption 
of the hydraulic control pressure, the gas lift valve returns to its

10 normally closed configuration.
A difficulty inherent in the use of single gas lift valves which are

either full open or closed is that gas lift production completions are a 
closed fluid system which are highly elastic in nature due to the 
compressibility of the fluids and the frequently great depth of the wells.

15 Prior art flow control valves for downhole applications, such as
single gas lift valves per area, include the disadvantage of not providing 
a substantial amount of control over the exact amount of gas entering the 
well. This is because the valve is either open or closed and cannot be 
regulated. Hydraulically actuated downhole flow control valves also

20 include certain inherent disadvantages as a result of their long hydraulic 
control lines which result in a delay in the application of control signals 
to a downhole device. In addition, the use of hydraulic fluids to control 
valves will not allow transmission of telemetry data from downhole monitors 
to controls at the surface. ' '·.

25 Boyle et al patented a system capable of adjusting the orifice size
of the valve through a range of values, thus providing a broader control 
over the amount of gas being injected into the system. U.S. Patent NcJ. - 
5,172,717 to Boyle et al discloses a variable orifice valve for gas lift 
systems. The system allows for adjustment of the flow through a particular

30 valve body thereby allowing tailoring of the flow rate and alleviation of 
some of the previous problems in the art. The variable orifice valve
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allows greater control over the quantity and rate of injection of fluids 
into the well. In particular, more precise control over the flow of 
injection gas into a dual lift gas lift well completion allows continuous 
control of the injection pressure into both strings of tubing from a common

5 annulus. This permits control of production pressures and flow rates
within the well and results in more efficient production from the well.

The '717 patent solved many of the aforementioned problems with its 
variable orifice valve. Variable opening however provides some of its own 
inherent drawbacks such as lack of reliability of "openness" over time.

10 More particularly, scale and other debris can build up and prevent movement 
more easily on orifice closures which are responsive to small increment 
movements and, in general, are only moved or adjusted by such small 
increments. Thus when conditions change downhole over time the variable 
orifice valve may be unable to comply with the changing conditions and

15 would need to be replaced.
Another adjustable gas lift valve is disclosed in U.S. Patent No. 

5,483,988. The disclosure teaches a system having several parts or 
features but particularly includes an adjustable flow gas lift valve which 
includes a flow port and a plurality of differently sized nozzles

20 selectively alignable with the port. Sensory devices are employed to
maintain information about the state of the valve assembly. The variable 
nozzles are located on the actuator and, therefore, can be rotated into 
alignment with the orifice port to regulate the amount of gas flowing 
therethrough as desired. '

25 Fully open/fully closed valves provide a large relative movement and
tend to jar loose any buildup so that valve serviceability is maintained 
for a longer period of time. Therefore, these valves have a significatnt 
service life advantage over the more "advanced" variable opening valves. 
Also, where a plurality of these valves are employed in a given area, the

3 0 closing of some (or opening) does not subject the individual valves to the 
same torsional forces because all flow is not pitted against a single

3
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structure. Thus opening or closing of the valves does not lead to excessive wear 
of valve components. The industry is in need of a system that experiences the 

benefit of variable orifice valves while concurrently benefiting from the 

serviceability of fully open/fully closed valves.

5 Summary of the Invention:

The above-discussed and other drawbacks and deficiencies of the prior art 

are overcome or alleviated by the adjustable flow gas lift valve of the invention.

In accordance with the invention, computer control and sensory information 

are preferably combined with a series per unit area of fully open/fully closed gas lift
10 valves to provide for intelligent downhole gas lift systems. Several embodiments 

of valve systems are set forth herein which provide adjustable control of the 

amount of gas injected into the tubing string and are responsive to downhole 

sensory data, processing and instructions.

In the first embodiment, a housing encloses an electrical motor which is
15 paired with a resolver attached to a ball screw which is used to move a ported 

sleeve into various positions within the housing. Ports are present on the sleeve 
and at least one opening is employed on the housing of the tool. Thus, by aligning 
different numbers of ports in the sleeve with the main annulus opening, Ihe 

amount of gas entering the tubing string is adjustable and controllable.

20 A second embodiment of the invention employs the elements of the «first
embodiment, however, also employs a multiported housing (as opposed to the 
single annulus opening of the first embodiment) having variously sized ports to 

provide even greater adjustability of the amount of flow of gas into the tubing 

string. In other respects, the embodiment operates as does the first embodiment.

25 The third embodiment of the invention employs an electric motor attached
to a high pressure hydraulic pump. The pump discharges into an
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expandable bladder which is disposed adjacent several holes or slots in the 
housing, which slots lead to the casing annulus. As pressure increases in 
a chamber defined by the bladder, more of the holes or slots, or a larger 
percentage of the holes and slots, are blocked by the expanded bladder. By

5 decreasing the pressure within the bladder the bladder will shrink and 
allow pressure from the annulus to move through the slots or holes.

In the fourth embodiment of the invention, fluid movement from the 
annulus to the tubing is electrically controlled by a motor operating a 
piston moving within a cylinder having ports to the annulus. Each port

10 includes a seat and a check ball to seal the port, the check ball being 
displaceable (unseatable) by the movement of the piston within the 
cylinder. More specifically, as the piston moves along the cylinder it 
will contact an increasing number of check balls and unseat them from their 
respective seats thus allowing a proportionate amount of fluid from the

15 annulus to flow into the tubing. This embodiment also includes a matching 
seat machined to compliment the piston such that if the valve is to be 
completely sealed, the piston may be moved into contact with the matching 
seat thus preventing all flow.

rA fifth embodiment of the invention employs at 'least a plurality of
20 commercially available, conventional fully open/fully closed valves per 

unit area. This arrangement allows for control of the amount of fluid 
passing into the production fluid in a given area by allowing the operator 
to selectively open one or more of the plurality of valves located either 
annularly at a point in the tubing or staggered but closely to the Same

25 point. In other words there are clusters of nozzles where a single nozzle 
would have been in the prior art. It will be understood that the term 
operator is intended to mean an actual human or a computer processor either 
downhole or at the surface. The system allows incremental increase in flow 
rate.

30 A sixth embodiment is a variation on the fifth embodiment in that the
basic premise of employing at least a plurality of individually fully

5



1 · ,

operable/fully closeable valves is retained, however, each of the valves in 
I this embodiment are of different sizes so that single valves or

combinations thereof may be opened and closed to provide more control over 
__ the amount of fluid moving into the production tubing,
g 5

A seventh embodiment provides a helical valve body which rotatably 
opens or closes a helical flow path.

An eighth embodiment provides a flow control system in a side pocket 
mandrel to allow communication between the primary wellbore and the well

10 annulus.
The above-discussed and other features and advantages of the present 

invention will be appreciated and understood by those skilled in the art
• · ·

from the following detailed description and drawings.

15 Brief Description of the Drawings:
Referring now to the drawings wherein like elements are numbered

alike in the several FIGURES:

.·« ·
·. i· ·• ' · ·

FIGURE 1 is a sectional illustration of a first embodiment of the
invention;

• · · ·• ·• · · ·

• · · ·• · ·• ' ·
• · ··• ·• · · ·

• · ·

20 FIGURE 2 is a sectional view of a second embodiment of the invention;
FIGURE 3 is a sectional view of a third embodiment of the invention;
FIGURE 4 is a sectional view of a fourth embodiment of the invention;
FIGURE 5 is a schematic view of the fifth embodiment of the invention

having a multiplicity of valves of like dimensions; '
• · ·• · · ·
• · · ·• ·• · · ·

25 FIGURE 6 is a schematic plan view of FIGURE 5 taken along lines 6-6;
FIGURE 7 is a schematic view of a sixth embodiment of the invention

having a multiplicity of different sized valves; *·
FIGURE 8 is a schematic plan view of FIGURE 7 taken along section

line 8-8;
30 FIGURE 9 is a perspective view of another embodiment of. the invention

employing a helical valve structure;

6
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FIGURE 10 is a cut away view of the body of the tool in which the 
valve structure of FIGURE 9 is placed; and

FIGURE 11 is a schematic view of the side pocket mandrel embodiment
of the invention.

5
Detailed Description of the Preferred Embodiments:

Referring to FIGURE 1, a schematic illustration of the first
embodiment of the invention is illustrated in cross-section. It will be 
understood by one of ordinary skill in the art that the entire device is

10 intended to be attached to the outside of the tubing string and has
relatively small dimensions. The invention is powered by electric line 10 
connected to an electric motor 12 (and controlled by a downhole processor) 
having a resolver 14. The motor turns ball screw 18 through gear box 16 
which provides axial movement of the sleeve discussed hereunder. Shaft 20

15 of ball screw 18 is preferably isolated from motor 12 by o-ring 22 which is 
mounted in housing 24. Housing 24 defines sleeve chamber 26 within which 
ported sleeve 28 is axially movable. A top section of sleeve 28, indicated
as box thread 30 includes a pitch complimentary to ball screw 18 and is
threaded thereon. Therefore, upon rotational actuation of ball screw 18,

20 ported sleeve 28 is axially movable within chamber 16 of housing 24. Upon
such movement of ported sleeve 28 individual ports 32 thereof are
selectively alignable with main annulus opening 34, thus allowing fluid to 
flow from the annulus into chamber 26. Fluid pressure inside chamber 26 
will unseat check valve 3 6 and flow therepast through tubing access'opening

25 38 and into'its desired destination of the production string (not shown).
One of skill in the art will appreciate that check valve 3 6 is energized by 
spring 40 to maintain it in the closed position. This prevents fluid 
flowing within the tubing accessed by tubing access opening 38 from 
contaminating the gas lift valve or the annulus.

30 In the interest of maintaining the electric motor and the ball screw
free from production fluid and other debris chamber 26 includes o-rings 42

7
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and. 44 which seal against ported sleeve 28.
Ported sleeve 28 is most preferably constructed from solid rod in

which thread 30 is cut and an axial opening is drilled partially into the 
rod providing through passage for the ports 32. The solid portion of the

5 rod left after machining is body seal 46. One of skill in the art will
appreciate that in FIGURE 1 the ported sleeve has been separated along the 
center line of the drawing to illustrate sleeve 28 in two positions i.e., 
partially activated and closed off. One of ordinary skill in the art will 
appreciate that in actuality body seal 46 is contiguous with the mirror

10 (but moved over) image thereof on the other side of the drawing. In the 
second embodiment of the invention, referring to FIGURE 2, only the major 
differences from the embodiment of FIGURE 1 will be described. It should 
be noted that the embodiment of FIGURE 2 provides even more control over 
the amount of flow of gas from the annulus to the production tubing string

15 by providing individual ports on the ported sleeve of differing sizes and 
by employing a series of differently dimensioned ports through the housing 
to the annulus instead of employing a single annulus opening. Thus, by 
aligning desired ports of the ported sleeve with desired ports in the 
annulus opening a large degree of control is provided regarding the amount

20 of gas (or other fluid) from the annulus which will pass through to the
tubing string. Referring to FIGURE 2, individual ports are identified by 
individual numerals due to their different sizes and to more clearly 
illustrate that fact. Port 50 is the largest port, ports 52, 54 and 56 
become progressively smaller. Each of these ports are complimentary in-

25 size to ports 50 , 52 , 54 and 56 of the housing. Selective alignment
among the ported sleeve ports and housing ports provides control over flow 
rate. The sleeve ports are arranged to be alignable in such a way thaTt a 
smaller inner port is always aligned with a larger outer port unless the 
tool is completely open. This is to reduce erosional problems in the tool

3 0 due to high flow rates through the valve. The inner sleeve is constructed
from a higher resistance material and is therefore in a better position to

8
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handle the high flow.
Referring to FIGURE 3, a third embodiment of the invention is 

illustrated in schematic form. Generally speaking, this embodiment depends 
upon an expandable bladder and a reservoir which is pressurizable to force

5 fluid into the bladder thus expanding the same. Upon expanding the
bladder, flow ports into the housing are blocked. When the flow ports are 
blocked, gas pressure from the annulus cannot reach the interior of the 
tubing. In particular, the invention includes a housing 60, interior 
chamber 62 wherein downhole electronics 64 are located and are attached to

10 electric motor 66, pump 68 and reservoir 70. Bladder 72 is sealingly 
connected to the conduit '74 of the pump 68 such that upon command from 
downhole control line 76 to electronics 64 an electric motor 66 is actuated 
and turns pump 68, thus pumping fluid from reservoir 70 through conduit 74 
into bladder 72, the bladder 72 expands in size and contacts the interior

15 surface of chamber 62 thus blocking flow ports 78 which extend through . 
housing 60. It will be understood that the more pressure in the bladder, 
the more force will be exerted against the ports and the less gas will 
flow. Flow ports 78 provide access to annulus gas pressure and expend to 
chamber 62. The ports 78 may be holes or slots as desired or as dictated

20 by particular downhole conditions. Another part of chamber 62 is indicated 
as flow barrel 80 and it is this portion of the chamber which communicates 
between ports 78 and a reverse flow check valve 82 positioned within 
housing 60. The reverse flow check valve 82 is a commercially available 
part and does not require further discussion. ' -■ ~

25 Upon deflation of bladder 72, ports 78 are opened and gas pressure
from the annulus (not shown) will flow into flow barrel 80, push reverse 
flow check valve off seat 84 allowing the pressure of the gas to expartd

. around the reverse flow check valve 82 and through flow ports 86 to the end 
of housing 60 where access opening 88 to the production tubing is provided.

3 0 It should be understood that the housing of the invention in
embodiment 3 may be made up to the tubing or adapted in a wireline

9
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retrievable version to a side pocket mandrel.
In general, the pump of the invention may be merely a piston moving

within a cylinder wherein as the piston extends toward the cylinder head 
the fluid is forced into the bladder end when the piston moves away from

5 the cylinder head the bladder will, by elasticity, force the fluid back 
into the cylinder. It is not necessary for the pump to act as a 
conventional pump does in forcing more and more pressure since the movement 
of the bladder is not required to be substantial. Rather, the bladder need 
move only a small amount in order to seal off ports 78. The pump may

10 simply move fluid out of the reservoir with extension of the piston and
allow fluid into the reservoir with a retraction of the piston. It should 
also be understood that the pump may be of a conventional variety and will 
function equivalently to the simple pumping action just described.

Referring to FIGURE 4, a fourth embodiment of the invention is
15 disclosed is schematic form which uses a similar housing to that of

embodiment 3, however, provides an alternate seal method for the ports. In 
this embodiment, downhole control line 90 extends from the surface to 
housing 92 wherein electronics and motor 94 are disposed and connected via 
a connecting rod 96 to piston 98. In order to maintain the motor and

20 electronics free of fluids, piston ring 100 is supplied around piston 98.
It should be noted at this point that piston 98 has a crowned section 102 
which is machined to be complimentary to a matching seat 104 such that, if 
desired, the piston may be extended until it is seated in the matching seat 
which prevents any movement of fluid therepast. '

25 In operation the gas lift valve is adjustable due to a plurality of
ports 106 having machined seats 108 and complimentary check balls 110 which 
seat therein and seal the port. The balls are seated in such a marine!- that 
they protrude into the path of piston 98 within flow tube/cylinder 112.
Upon movement of piston 98, contact with the check balls 110 will unseat

30 them from seats 108 thus allowing fluid from the annulus (not shown) to
flow through ports 106 past check balls 110 and into a flow tube/cylinder

10
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112 . It will be understood by one of skill in the art that the number of 
size of ports and check balls is preadjustable as well as their orientation 
such that when the piston moves a certain amount a controlled amount of 
fluid is allowed into the system. The amount of flow through the valve can

5 be accurately maintained. Once fluid from the annulus has reached the flow 
tube/cylinder 112 it presses past reverse flow check valve 114 in the same 
manner as the prior embodiment. Since in other respects this embodiment is 
identical to that of embodiment 3 no further discussion hereof is required.

Turning now to FIGURE 5 and 6, another alternate embodiment of the 
10 invention is provided which allows for control over the amount of fluid

provided to the production tubing. From this embodiment several 
conventional fully opened.or fully closed valves 120 are actuatable at will 
either hydraulically or electrically from the surface or by downhole 
processor so the control over the amount of fluid entering the flow tube

15 can be maintained. By opening 1, 2, 3 or 4 of the valves at any given time 
flow into the tube can be controlled to 25, 50, 75 or 100 percent of' the 
allowable amount of gas. Since the valves are traditional on/off valves 
they are readily commercially available, easy to operate and provide a 
substantial service life.

20 Referring to FIGURES 7 and 8, one of ordinary skill in the art will
appreciate that the general concept of the embodiments from FIGURES 5 and 6 
is repeated, however, each of the fully opened/fully closed valves 130,
132, 134 and 136 are of different sizes thus providing even more control 
over the precise amount of fluid entering the tube. For example, and for

25 purposes of argument, let valve 130 equal 10, valve 132 equal 20, valve 134 
equal 30 and valve 136 equal 40 units per minute flow rate, then if valve 
130 is opened alone ten units will flow, however, if valve 130 and 135 are 
opened together 30 units would flow whereas 132 opened alone would allow 20 
units to flow, etc. It should be clear that any number of the valves can

30 be opened together and all of them can be opened independently. This
provides a great range of control- over adjustability of the amount of fluid

11
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passing into the tube, yet, relies upon fully opened/fully closed valves 
which are easily commercially available and have been time tested by the 
industry.

In yet another embodiment of the invention, a helical valve is 
5 employed to variable control the inflow of gas into the production tube.

FIGURE 9 illustrates a perspective view of the valve member itself is 
illustrated; FIGURE 10 places the valve member in context with the rest of
the tool.

Referring to FIGURE 9, helical valve body 150 is illustrated to
10 include seat face 152 which is in the most preferred embodiment a polished 

face. One of skill in the art will appreciate that face 152 is visible 
four times in the drawing but represents only one structure. In FIGURE 10, 
valve body 150 is illustrated in conjunction with the rest of the tool.
The tool is in quarter cut-away form to illustrate the mating surface 154

15 against which face 152 abuts when the valve is closed. Upon
moving (rotating) body 152 the distance between mating surface 154 and face 
152 is varied. A larger distance translates to an increased flow rate and 
a smaller distance indicates a restricted flow. As one of skill in the art 
will appreciate, fluid flowing through the valve of the invention follows a

20 helical path between surface 154 and face 152.
The tool of FIGURES 9 and 10 is actuated either longitudinally or

rotationally by any conventional downhole movement device such as a 
hydraulic or electric downhole piston or motor assembly, a magnetic 
propulsion device, a racheting device, etc. ' .·. ·

25 The valve flow path through the space created between surface 154 and
face 152 can be either a constant one or one of varying dimension depending 
on how the helical structure is defined. For example, the amount of fepace 
in the flow path can be X at the larger end of the valve body and X+N at 
the narrower end of the valve body or that space may remain substantially

30 constant along the path. In general, as one of skill in the art will 
appreciate, the flow path in this valve system will be of a generally

12
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rectangular cross section.
In order to automate the valve system of the invention sensors are 

installed at the interfacing sections of the valve structure so that both 
flow and openness of the valve can be measured. The valve of the invention

5 is also preferably associated with a sensor or sensor array capable of 
providing information about the fluid pressure below the valve and that 
above the valve to allow a downhole processor, or even an uphole processor 
to monitor the "health" of the valve. Communication capability is also 
provided to allow the tool to send information to and receive instructions

10 from the processor or from other tools .
Referring now to FIGURE 11, a remotely controlled fluid/gas control

system is shown and includes a side pocket mandrel 190 having a primary 
bore 192 and a side bore 194. Located within side bore 194 is a removable 
flow control assembly in accordance with the present invention. This flow

15 control assembly includes a locking device 196 which is attached to a
telescopic section 198 followed by a gas regulator section 200, a fluid 
regulator section 202, a gear section 204 and motor 206. Associate with 
motor 206 is an electronics control module 208. Three spaced seal .sections 
210, 212 and 214 retain the flow control assembly within the side bore or

20 side pocket 194. Upon actuation by electronics module 208, control signals 
are sent to motor 206 which in turn actuates gears 204 and moves gas 
regulator section 200 and fluid regulator section 202 in a linear manner 
upwardly or downwardly or in a rotary manner within the side pocket 194. 
This movement (linear in the drawing) will position either the gas ■' '■■■

25 regulator section 200 or the fluid regulator section 202 on either side of 
an inlet port 216.

Preferably, electronics control module 208 is powered and/or data 
signals are sent thereto via an inductive coupler 218 which is connected 
via a suitable electrical pressure fitting 220 to the TEC cable 192 of the

30 type discussed above. A pressure transducer 224 senses pressure in the 
side pocket 194 and communicates the sensed pressure to the electronics

13
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control module 208 (which is analogous to downhole module 22 as set forth 
in USSN 08/599,324. previously incorporated herein by reference). A 
pressure relief port is provided to side pocket 194 in the area surrounding 
electronics module 208.

5 The flow control assembly shown in FIGURE 11 provides for regulation
of liquid and/or gas flow from the wellbore to the tubing/casing annulus or 
vice versa. Flow control is exercised by separate fluid and gas flow 
regulator subsystems within the device. Encoded data/control signals are 
supplied either externally from the surface or subsurface via a data

10 control path 222 and/or internally via the interaction of the pressure
sensors 224 (which are located either upstream or downstream in the tubing 
conduit and in the annulus) and/or other appropriate sensors together with 
the on-board microprocessor 208 in a manner discussed above with regard to 
FIGURES 6 and 7 of USSN 08/599,324 previously incorporated herein by

15 reference. .
The flow control assembly of this invention provides for two unique

and distinct subsystems, a respective fluid and gas flow stream regulation. 
These subsystems are pressure/fluid isolated and are contained with the
flow control assembly. Each of the systems is constructed for the specific

20 respective requirements of flow control and resistance to damage, both of 
which are uniquely different to the two control mediums. Axial 
reciprocation of the two subsystems, by means of the motor 206 and gear 
assembly 204 as well as the telescopic section 198 permits positioning of 
the appropriate fluid or gas flow subsystem in conjunction with the^single

25 fluid/gas passages into and out of the side pocket mandrel 190 which serves 
as the mounting/control platform for the valve system downhole. Both the 
fluid and gas flow subsystems allow for fixed or adjustable flow rate »- 
mechanisms. '

The external sensing and control signal inputs are supplied in a
30 preferred embodiment via the encapsulated, insulated single or

multiconductor wire 222 which is electrically connected to the inductive

14
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coupler system 218 (or alternatively to a mechanical, capacitive or optical 
connector), the two halves of which are mounted in the lower portion of the 
side pocket 194 of mandrel 190, and the lower portion of a regulating valve 
assembly respectively. Internal inputs are supplied from the side pocket

5 194 and/or the flow control assembly. All signal inputs (both external and
internal) are supplied to the on-board computerized controller 208 for all 
processing and distributive control. In addition to processing of off 
board inputs, an ability for on-board storage and manipulation of encoded 
electronic operational "models" constitutes one application of the present

10 invention providing for autonomous optimization of many parameters,
including supply gas utilization, fluid production, annulus to tubing flow 
and the like.

The remotely controlled fluid/gas control system of this invention 
eliminates known prior art designs for gas lift valves which forces fluid

15 flow through gas regulator systems. This results in prolonged life and 
eliminates premature failure due to fluid flow off the gas regulation 
system. Still another feature of this invention is the ability to provide 
separately adjustable flow rate control of both gas and liquid in the 
single valve. Also, remote actuation, control and/or adjustment of

20 downhole flow regulator is provided by this invention. Still another
feature of this invention is the selected implementation of two devices 
within one side pocket mandrel by axial manipulation/displacement as 
described above. Still another feature of this invention is the use of a 
motor driven, inductively coupled device in a side pocket. The device-of

25 this invention reduces total quantity of circulating devices in a gas lift 
well by prolonging circulating mechanism life. As mentioned, an important 
feature of this invention is the use of a microprocessor 208 in conjunction 
with a downhole gas lift/regulation device as. well as the .use of a 
microprocessor in conjunction with a downhole liquid flow control device.

30 All of the gas lift valves discussed herein are controllable by
conventional means, however, it is highly desirable and preferable for the

15



invention to have each of the valves controlled downhole by providing a 
series of sensors downhole to determine a plurality of parameters including 
exactly what fluid flow rate is required to be to correct whatever 
deviation the production tube is experiencing from optimal. These downhole

5 sensors are most preferably connected to a downhole processing unit so that 
decisions may be made entirely downhole without the intervention of surface 
personnel. This is not to say that surface personnel are incapable of 
intervening in downhole operations since the downhole processor of the 
invention would certainly be connected to the surface via any known

10 communication system which would allow information to be transferred to the 
surface and instructions transferred downhole if desired. In the absence 
of those instructions the gas lift valves of the invention, would preferably 
set themselves based upon sensor input (see FIGURES 6 and 7 for schematic 
diagrams of the computer/sensor system employable with any of the

15 embodiments of this invention) . This is also most preferably connected to 
a complex communication and instruction system among different wells·.and 
remote areas alike. Further discussion of intelligent downhole tools may 
be found in Application Serial No. 08/599,324 filed February 9, 1996, 
which is a continuation-in-part of Application Serial No. 08/386,505 filed

20 February 9, 1995, now abandoned, the entire contents of each of which are 
incorporated herein by reference.

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from 
the spirit and scope of the invention. Accordingly, it is to be understood

25 that the present invention has been described by way of illustration and 
not limitation.

It will be understood that the term “comprises” or its grammatical variants as 

used herein is equivalent to the term “includes” and is not to be taken as excluding 

the presence of other elements or features.

16
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A remotely controlled fluid/gas control system comprising:

a side pocket mandrel having a primary bore and a laterally offset side 

pocket;

5 an inlet port allowing said side pocket to communicate between said primary

bore and the exterior of said side pocket mandrel;

a fluid/gas control system in said side pocket, said fluid/gas control system 
including;

a motor;

10 an extendable shaft extending from said motor and linearly movable within

said side pocket;

a gas regulator connected to said shaft;

a fluid regulator connected to said shaft and spaced from said gas regulator;

seals separating said gas and fluid regulators;

15 an electronic controller in communication with said motor for actuating said

motor and moving said shaft linearly to sequential positions wherein said gas 

regulator communicates with said inlet port and said fluid regulator communicates 
with said inlet port.

2. A liquid/gas control system comprising:

20 a) a side pocket mandrel having a primary bore and a laterally offset side
pocket;
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b) an inlet port allowing said side pocket to provide communication 

between said primary bore and an area exterior to said side pocket mandrel;

c) a liquid/gas control system disposed in said side pocket said control 

system including;

5 i) a motor;

ii) a shaft operably connected to said motor, said shaft being 
movable between two discrete positions to facilitate said communication of a 

selected fluid phase between said bore and said area.

3. A liquid/gas control system as claimed in claim 2 wherein said shaft 
10 further includes a gas regulator.

4. A liquid/gas control system as claimed in claim 2 wherein said shaft 

further includes a liquid regulator.

5. A liquid/gas control system as claimed in claim 2 wherein said shaft 

further includes in spaced relation to each other a gas regulator and a liquid
15 regulator.

6. A liquid/gas control system as claimed in claim 5 wherein said shaft 

includes at least one seal separating said gas and liquid regulators.

7. A liquid/gas control system as claimed in claim 2 wherein said system 

further includes an electronic controller in communication with said motor or

20 actuating said motor and moving said shaft linearly to sequential positions wherein 

said gas regulator communicates with said inlet port and said fluid regulator 
communicates with said inlet port.

8. A liquid/gas control system as claimed in claim 7 wherein said controller 
is located downhole.
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9. A liquid/gas control system as claimed in claim 7 wherein said controller 
is at a surface location.

Baker Hughes Incorporated 

By its Registered Patent Attorneys

5 Freehills Carter Smith Beadle 6 March 2002

• · · ·



I

<? OU

I Θ/J

af 78 <78 Zf 8/

···



£ OU

l/Z



FIG. 4



’/Z0

/720

4/7

/34

• ··• » ·

FIG. 5 FIG. 7



5/7

• · · ·• · ··· ·
·· · ·• · • · ··

• · · ·
» a«■ · · ·

• · · ·
··♦·

« · · • · · ·
• ·· ·• » ··« ·

/&>

FIG. 9



«···
» « ····

• ·
·« ·• · ·• ·«

• ··• · ···· ·
• ♦· ·» ··*··

6/1

·<



·· « 
t · · ·

• · ·

···«

····
• a
····

• ··
• · ·
····
····

····

/?2

F/G: //


