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ADJUSTABLE FLOW CONTROL DEVICES
FOR USE IN HYDROCARBON PRODUCTION

Inventors: GARCIA, Luis A.; CORONADO, Martin P.;
PETERSON, Elmer R.; GAUDETTE, Sean L ; and JOHNSON, Michael H.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0001 ] The disclosure relates generally to systems and methods for selective

control of fluid flow between a wellbore tubular such as a production string and a

subterranean formation.

2 . Description of the Related Art

[0002] Hydrocarbons such as oil and gas are recovered from a subterranean

formation using a wellbore drilled into the formation. Such wells are typically

completed by placing a casing along the wellbore length and perforating the

casing adjacent each such production zone to extract the formation fluids (such

as hydrocarbons) into the wellbore. These production zones are sometimes

separated from each other by installing a packer between the production zones.

Fluid from each production zone entering the wellbore is drawn into a tubing

that runs to the surface. It is desirable to have substantially even drainage along

the production zone. Uneven drainage may result in undesirable conditions

such as an invasive gas cone or water cone. In the instance of an oil-producing

well, for example, a gas cone may cause an in-flow of gas into the wellbore that

could significantly reduce oil production. In like fashion, a water cone may

cause an in-flow of water into the oil production flow that reduces the amount

and quality of the produced oil. Accordingly, it may be desired to provide

controlled drainage across a production zone and / or the ability to selectively

close off or reduce in-flow within production zones experiencing an undesirable

influx of water and/or gas. Additionally, it may be desired to inject a fluid into the

formation using the wellbore tubular.



[0003] The present disclosure addresses these and other needs of the prior

art.

SUMMARY OF THE DISCLOSURE

[0004] In aspects, the present disclosure provides an apparatus for controlling

a flow of a fluid between a wellbore tubular and a formation. The apparatus may

include a body having at least two flow paths configured to convey the fluid. The

flow paths may be hydraulically isolated from one another in the body, and at

least one of the flow paths may be occludable. In some arrangements, each of

the at least two flow paths generates a different pressure drop in the fluid flowing

there across. In certain embodiments, at least one of the flow paths includes a

chamber and at least one opening communicating with the chamber. Other

embodiments may include more than one chamber and openings. For instance,

a flow path may include a plurality of chambers, each of the chambers being in

fluid communication with one another. In arrangements, each of the several flow

paths includes a plurality of chambers and each of the chambers may be in fluid

communication with one another. Each of the flow paths may generate a

different pressure drop there across. In certain embodiments, each of the flow

paths has a first end in communication with an annulus of the wellbore and a

second end in communication with a bore of the wellbore tubular. Also, in

arrangements, an occlusion member may occlude one or more of the flow paths.

[0005] In aspects, the present disclosure provides a method for controlling a

flow of a fluid between a wellbore tubular and an annulus of the well. The

method may include forming at least two flow paths in a body, each of the flow

paths having a first end in communication with the annulus and a second end in

communication with a bore of the wellbore tubular; forming at least one of the at

least two flow paths to receive an occlusion member; and hydraulically isolating

the at least two flow paths from one another in the body. The method may

further include occluding at least one of the flow paths with the occlusion

member. In embodiments, the method may also include configuring each of the



flow paths to generate a different pressure drop in the fluid flowing there across.

Also, the method may include configuring at least one of the flow paths to

include a chamber and at least one opening communicating with the chamber.

Further, the method may include configuring at least one of the flow paths to

include a plurality of chambers, each of the chambers being in fluid

communication with one another. Still further, the method may include

configuring each of the at least two flow paths to include a plurality of chambers,

each of the chambers being in fluid communication with one another, and

wherein each of the at least two flow paths generates a different pressure drop

there across. Also, the method may include providing each of the at least two

flow paths with a first end in communication with an annulus of the wellbore and

a second end in communication with a bore of the wellbore tubular.

[0006] In still further aspects, the present disclosure provides a system for

controlling a flow of fluid in a well. The system may include a wellbore tubular

disposed in the well, the wellbore tubular having a flow bore and; a plurality of

flow control devices positioned along the wellbore tubular. Each of the flow

control devices may include a body having a plurality of flow paths configured to

convey the fluid between an annulus of the well and the flow bore, each of the

flow paths having a first end in communication with an annulus of a wellbore and

a second end in communication with the flow bore and each of the flow paths

being hydraulically isolated from one another between their respective first ends

and second ends, and wherein at least one of the plurality of flow paths is

selectively closable.

[0007] It should be understood that examples of the more important features of

the disclosure have been summarized rather broadly in order that detailed

description thereof that follows may be better understood, and in order that the

contributions to the art may be appreciated. There are, of course, additional

features of the disclosure that will be described hereinafter and which will form

the subject of the claims appended hereto.



BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The advantages and further aspects of the disclosure will be readily

appreciated by those of ordinary skill in the art as the same becomes better

understood by reference to the following detailed description when considered in

conjunction with the accompanying drawings in which like reference characters

designate like or similar elements throughout the several figures of the drawing

and wherein:

Fig. 1 is a schematic elevation view of an exemplary multi-zonal wellbore

and production assembly which incorporates an in-flow control system in

accordance with one embodiment of the present disclosure;

Fig. 2 is a schematic elevation view of an exemplary open hole

production assembly which incorporates an in-flow control system in accordance

with one embodiment of the present disclosure;

Fig. 3 is a schematic cross-sectional view of an exemplary production

control device made in accordance with one embodiment of the present

disclosure;

Fig. 4 is an isometric view of a flow control device made in accordance

with one embodiment of the present disclosure; and

Fig. 5 is a functional view of an "unwrapped" flow control device made in

accordance with one embodiment of the present disclosure.



DETAILED DESCRIPTION OF THE DISCLOSURE

[0009] The present disclosure relates to devices and methods for controlling a

flow of fluid in a well. The present disclosure is susceptible to embodiments of

different forms. There are shown in the drawings, and herein will be described in

detail, specific embodiments of the present disclosure with the understanding

that the present disclosure is to be considered an exemplification of the

principles of the disclosure and is not intended to limit the disclosure to that

illustrated and described herein.

[0010] Referring initially to Fig. 1, there is shown an exemplary wellbore 10

that has been drilled through the earth 12 and into a pair of formations 14, 16

from which it is desired to produce hydrocarbons. The wellbore 10 is cased by

metal casing, as is known in the art, and a number of perforations 18 penetrate

and extend into the formations 14 , 16 so that production fluids may flow from the

formations 14, 16 into the wellbore 10. The wellbore 10 has a deviated, or

substantially horizontal leg 19. The wellbore 10 has a late-stage production

assembly, generally indicated at 20, disposed therein by a tubing string 22 that

extends downwardly from a wellhead 24 at the surface 26 of the wellbore 10.

The production assembly 20 defines an internal axial flowbore 28 along its

length. An annulus 30 is defined between the production assembly 20 and the

wellbore casing. The production assembly 20 has a deviated, generally

horizontal portion 32 that extends along the deviated leg 19 of the wellbore 10.

Production devices 34 are positioned at selected points along the production

assembly 20. Optionally, each production device 34 is isolated within the

wellbore 10 by a pair of packer devices 36. Although only two production

devices 34 are shown in Fig. 1, there may, in fact, be a large number of such

production devices arranged in serial fashion along the horizontal portion 32.

[001 1] Each production device 34 features a production control device 38 that

is used to govern one or more aspects of a flow of one or more fluids into the

production assembly 20. As used herein, the term "fluid" or "fluids" includes



liquids, gases, hydrocarbons, multi-phase fluids, mixtures of two of more fluids,

water, brine, engineered fluids such as drilling mud, fluids injected from the

surface such as water, and naturally occurring fluids such as oil and gas.

Additionally, references to water should be construed to also include water-

based fluids; e.g., brine or salt water. In accordance with embodiments of the

present disclosure, the production control device 38 may have a number of

alternative constructions that ensure selective operation and controlled fluid flow

therethrough.

[0012] Fig. 2 illustrates an exemplary open hole wellbore arrangement 11

wherein the production devices of the present disclosure may be used.

Construction and operation of the open hole wellbore 11 is similar in most

respects to the wellbore 10 described previously. However, the wellbore

arrangement 11 has an uncased borehole that is directly open to the formations

14, 16. Production fluids, therefore, flow directly from the formations 14, 16, and

into the annulus 30 that is defined between the production assembly 2 1 and the

wall of the wellbore 11 . There are no perforations, and open hole packers 36

may be used to isolate the production control devices 38. The nature of the

production control device is such that the fluid flow is directed from the formation

16 directly to the nearest production device 34, hence resulting in a balanced

flow. In some instances, packers maybe omitted from the open hole completion.

[0013] Referring now to Fig. 3 , there is shown one embodiment of a

production control device 100 for controlling the flow of fluids from a reservoir

into a production string, or "in-flow" and/or the control of flow from the production

string into the reservoir, our "out-flow." This flow control may be a function of

one or more characteristics or parameters of the formation fluid, including water

content, fluid velocity, gas content, etc. Furthermore, the control devices 100

can be distributed along a section of a production well to provide fluid control at

multiple locations. Exemplary production control devices are discussed herein

below.



[0014] In one embodiment, the production control device 100 includes a

particulate control device 110 for reducing the amount and size of particulates

entrained in the fluids and a flow control device 120 that controls overall

drainage rate from the formation. The particulate control device 110 can include

known devices such as sand screens and associated gravel packs.

[0015] In embodiments, the flow control device 120 utilizes a plurality of flow

paths or channels to create a predetermined pressure drop that assists in

controlling a flow rate and/ or an out-flow rate. One or more of these flow paths

may be occluded in order to provide the specified pressure drop. An exemplary

flow control device 120 creates a pressure drop for controlling flow by

channeling the flowing fluid through one or more conduits 122. Each conduit

may be configured to provide an independent flow path between the flow bore

102 of the tubular 22 and the annular space or annulus 30 separating the device

120 from the formation. Additionally, some or all of these conduits 122 may be

substantially hydraulically isolated from one another. That is, the flow across the

conduits 122 may be considered parallel rather than in series. Thus, the flow

across one conduit 122 may be partially or totally blocked without substantially

affecting the flow across another conduit. It should be understood that the term

"parallel" is used in the functional sense rather than to suggest a particular

structure or physical configuration.

[0016] Referring now to Fig. 4 , there are shown further details of the flow

control device 120 that creates a pressure drop by conveying the in-flowing fluid

through one or more conduits 122 of a plurality of conduits 122. Each conduit

122 may be formed along a wall of a base tubular or mandrel 130 and include

structural features configured to control flow in a predetermined manner. While

not required, the conduits 122 may be aligned in a parallel fashion and

longitudinally along the long axis of the mandrel 130. Each conduit 122 may

have one end 132 in fluid communication with the wellbore tubular flow bore 102

(Fig. 3) and a second end 134 that is in fluid communication with the annular



space or annulus 30 (Fig. 3) separating the flow control device 120 and the

formation. Generally, each conduit 122 is separated from one another, at least

in the region between their respective ends 132, 134. An outer housing 136,

shown in hidden lines, encloses the mandrel 130 such that the conduits 122 are

the only paths for fluid flow across the mandrel 130. In embodiments, along the

mandrel 130, at least two of the conduits 122 provide independent flow paths

between the annulus and the tubular flow bore 102 (Fig. 3). One or more of the

conduits 122 may be configured to receive an occlusion member that either

partially or completely restricts flow across that conduit 122. In one

arrangement, the occlusion member may be a plug 138 that is received at the

second end 134. For instance, the plug 138 may be threaded or chemically

affixed to the first end 132. In other embodiments, the closure element may be

affixed to the second end 134. In still other embodiments, the closure element

may be positioned anywhere along the length of a conduit 122.

[0017] In embodiments, the conduits 122 may be arranged as a labyrinth that

forms a tortuous or circuitous flow path for the fluid flowing through the flow

control device 120. In one embodiment, the conduits 122 may include a series

of chambers 142 that are interconnected by openings 144. During one

exemplary use, a fluid may initially flow into the conduit 122 and be received into

a chamber 142. Then, the fluid flows through the opening 144 and into another

chamber 142. The flow through the opening 144 may generate a pressure drop

greater than the flow across the chamber 142. The openings 144 may be

formed as orifices, slots any other features that provides fluid communication

between the chambers 144. The fluid flows along this labyrinth-like flow path

until the fluid exits via either the end 132 or the end 134.

[0018] For ease of explanation, Fig. 5 functionally shows the fluid flow paths

for four illustrative conduits 122a, 122b, 122c, and 122d of the flow control

device 120. For ease of explanation, the flow control device 120 is shown in

phantom lines and "unwrapped" in order to better depict the conduits 122a-d.



Each of these conduits 122a, 122b, 122c, and 122d provides a separate and

independent flow path between the annulus 30 (Fig. 3) or formation and the

tubular flow bore 102. Also, in the embodiment shown, each of the conduits

122a, 122b, 122c, and 122d provides a different pressure drop for a flowing

fluid. The conduit 122a is constructed to provide the least amount of resistance

to fluid flow and thus provides a relatively small pressure drop. The conduit

122d is constructed to provide the greatest resistance to fluid flow and thus

provides a relatively large pressure drop. The conduits 122b,c provide pressure

drops in a range between those provided by the conduits 122a,d. It should be

understood, however, that in other embodiments, two or more of the conduits

may provide the same pressure drops or that all of the conduits may provide the

same pressure drop.

[0019] Referring now to Figs. 4 and 5 , as noted previously, the occlusion

member 138 may be positioned along one or more of the conduits 122a-d to

block fluid flow. In some embodiments, the occlusion member 138 may be

positioned at the end 132 as shown. For instance, the occlusion member 138

may be a threaded plug or other similar element. In other embodiments, the

occlusion member 138 may also be positioned at the end 134. In still other

embodiments, the occlusion member 138 may be a material that fills the

chambers or openings along the conduits 122a-d. The occlusion member 138

may be configured to either partially or completely block flow in the conduits

122a-d. Thus, the fluid flow across the flow control device 120 may be adjusted

by selectively occluding one or more of the conduits 122. The number of

permutations for available pressure drops, of course, vary with the number of

conduits 122. Thus, in embodiments, the flow control device 120 may provide a

pressure drop associated with the flow across one conduit, or a composite

pressure drop associated with the flow across two or more conduits.

[0020] Thus, in embodiments, the flow control device may be constructed to be

tuned or configured "in the field" to provide a selected pressure drop. For



example, leaving all conduits 122a-d unobstructed would maximize the number

of flow conduits and provide the lowest pressure drops. To increase the

pressure drop, an occlusion member 138 may be fitted into a conduit 122 to

block fluid flow. Thus, in arrangements, selectively occluding the conduits 122

by using the occlusion member 138 may be used to control the pressure

differential generated by the flow control device. It should therefore be

appreciated that a flow control device can be configured or re-configured at a

well site to provide the pressure differential and back pressure to achieve the

desired flow and drainage characteristics for a given reservoir and / or the

desired injection flow characteristics.

[0021] Additionally, in embodiments, some or all of the surfaces of the

conduits 122 may be constructed to have a specified frictional resistance to flow.

In some embodiments, the friction may be increased using textures, roughened

surfaces, or other such surface features. Alternatively, friction may be reduced

by using polished or smoothed surfaces. In embodiments, the surfaces may be

coated with a material that increases or decreases surface friction. Moreover,

the coating may be configured to vary the friction based on the nature of the

flowing material {e.g., water or oil). For example, the surface may be coated with

a hydrophilic material that absorbs water to increase frictional resistance to

water flow or a hydrophobic material that repels water to decrease frictional

resistance to water flow.

[0022] Referring generally to Figs. 1-5, in one mode of deployment, the

reservoirs 14 and 16 may be characterized via suitable testing to estimate a

desirable drainage pattern or patterns. The desired pattern(s) may be obtained

by suitably adjusting the flow control devices 140 to generate a specified

pressure drop. The pressure drop may be the same or different for each of the

flow control devices 140 positioned along the tubular 22. Prior to insertion into

the wellbore 10, formation evaluation information, such as formation pressure,

temperature, fluid composition, wellbore geometry and the like, may be used to

estimate a desired pressure drop for each flow control device 140. Thereafter,



the conduits 122 for each flow control device 140 may be blocked as needed to

obtain the desired pressure drop. Thus, for instance, referring now to Fig. 5 , for

a first flow control device, only the conduit 122a may be occluded, for a second

flow control device 140, only conduits 122b and 122c may be occluded, for a

third flow control device 140, none of the conduits 122a-d may be occluded, etc.

Once configured to provide the desired pressure drop, the wellbore tubular 22

along with the inflow control devices 140 may be conveyed into and installed in

the well.

[0023] During one mode of operation, fluid from the formation flows through

the particulate control device 110 and then into the flow control device 140. As

the fluid flows through the conduits 122, a pressure drop is generated that

results in a reduction of the flow velocity of the fluid. In another mode of

operation, fluid is pumped through the wellbore tubular 22 and across the flow

control device 140. As the fluid flows through the conduits 122, a pressure drop

is generated that results in a reduction of the flow velocity of the fluid flowing

through the particulate control device 110 and into the annulus 30 (Fig. 3).

[0024] It should be understood that Figs. 1 and 2 are intended to be merely

illustrative of the production systems in which the teachings of the present

disclosure may be applied. For example, in certain production systems, the

wellbores 10, 11 may utilize only a casing or liner to convey production fluids to

the surface. The teachings of the present disclosure may be applied to control

the flow into those and other wellbore tubulars.

[0025] It should be further appreciated that the conduits that may also include

a permeable medium. The permeability of the conduit may be controlled by

appropriate selection of the structure of the permeable medium. Generally

speaking, the amount of surface area along the conduit, the cross-sectional flow

area of the conduit, the tortuosity of conduit the, among other factors, determine

the permeability of the conduit. In one embodiment, the permeable medium

may be formed using elements that are packed into the conduit. The elements



may be granular elements such as packed ball bearings, beads, or pellets, or

fiberous elements such as "steel wool" or any other such element that form

interstetial spaces through which a fluid may flow. The elements may also be

capillary tubes arranged to permit flow across the conduit. In other

embodiments, the permeable medium may include one or more bodies in which

pores are formed. For example, the body may be a sponge-like object or a

stack of filter-type elements that are perforated. It will be appreciated that

appropriate selection of the dimensions of objects such as beads, the number,

shape and size of pores or perforations, the diameter and number of capillary

tubes, etc., may yield the desired permeability for a selected pressure drop.

Thus, such elements may used instead of or in addtion to the chambers

described above.

[0026] It should be appreciated that what has been described includes, in part,

an apparatus for controlling a flow of a fluid between a wellbore tubular and a

formation. The apparatus may include a body having two or more flow paths for

conveying the fluid. The flow paths may be hydraulically isolated from one

another in the body, and at least one of the flow paths may be occludable. In

some arrangements, each of the flow paths generates a different pressure drop

in the fluid flowing there across. In certain embodiments, at least one of the flow

paths includes a chamber and at least one opening communicating with the

chamber. Other embodiments may include more than one chamber and

openings. For instance, a flow path may include a plurality of chambers, each of

the chambers being in fluid communication with one another. In arrangements,

each of the several flow paths includes a plurality of chambers and each of the

chambers may be in fluid communication with one another. Each of the flow

paths may generate a different pressure drop there across. In certain

embodiments, each of the flow paths has a first end in communication with an

annulus of the wellbore and a second end in communication with a bore of the

wellbore tubular. Also, in arrangements, an occlusion member may occlude one

or more of the flow paths.



[0027] It should be appreciated that what has been described includes, in part,

a method for controlling a flow of a fluid between a wellbore tubular and an

annulus of the well. The method may include forming at least two flow paths in a

body, each of the flow paths having a first end in communication with the

annulus and a second end in communication with a bore of the wellbore tubular;

forming at least one of the at least two flow paths to receive an occlusion

member; and hydraulically isolating the at least two flow paths from one another

in the body. The method may further include occluding at least one of the flow

paths with the occlusion member. In embodiments, the method may also

include configuring each of the flow paths to generate a different pressure drop

in the fluid flowing there across. Also, the method may include configuring at

least one of the flow paths to include a chamber and at least one opening

communicating with the chamber. Further, the method may include configuring

at least one of the flow paths to include a plurality of chambers, each of the

chambers being in fluid communication with one another. Still further, the

method may include configuring each of the at least two flow paths to include a

plurality of chambers, each of the chambers being in fluid communication with

one another, and wherein each of the at least two flow paths generates a

different pressure drop there across. Also, the method may include providing

each of the at least two flow paths with a first end in communication with an

annulus of the wellbore and a second end in communication with a bore of the

wellbore tubular.

[0028] It should be appreciated that what has been described includes, in part,

a system for controlling a flow of fluid in a well. The system may include a

wellbore tubular disposed in the well, the wellbore tubular having a flow bore

and; a plurality of flow control devices positioned along the wellbore tubular.

Each of the flow control devices may include a body having a plurality of flow

paths configured to convey the fluid between an annulus of the well and the flow

bore, each of the flow paths having a first end in communication with an annulus



of a wellbore and a second end in communication with the flow bore and each of

the flow paths being hydraulically isolated from one another between their

respective first ends and second ends, and wherein at least one of the plurality

of flow paths is selectively closable.

[0029] For the sake of clarity and brevity, descriptions of most threaded

connections between tubular elements, elastomeric seals, such as o-rings, and

other well-understood techniques are omitted in the above description. Further,

terms such as "valve" are used in their broadest meaning and are not limited to

any particular type or configuration. The foregoing description is directed to

particular embodiments of the present disclosure for the purpose of illustration

and explanation. It will be apparent, however, to one skilled in the art that many

[0030] modifications and changes to the embodiment set forth above are

possible without departing from the scope of the disclosure.



CLAIMS

What is claimed is:

1. An apparatus for controlling a flow of a fluid between a wellbore tubular

and a formation, comprising:

a body having at least two flow paths configured to convey the fluid, the at

least two flow paths being hydraulically isolated from one another in the body,

and wherein at least one of the at least two flow paths is configured to be

selectively occludable.

2 . The apparatus according to claim 1 wherein each of the at least two flow

paths is configured to generate a different pressure drop in the fluid flowing

thereacross.

3 . The apparatus according to claim 1 wherein at least one of the at least

two flow paths includes at least one chamber and at least one opening

communicating with the at least one chamber.

4 . The apparatus according to claim 1 wherein at least one of the at least

two flow paths includes a plurality of chambers, each of the chambers being in

fluid communication with one another.

5 . The apparatus according to claim 1 wherein each of the at least two flow

paths includes a plurality of chambers, each of the chambers being in fluid

communication with one another, and wherein each of the at least two flow

paths generates a different pressure drop there across.

6 . The apparatus according to claim 1 wherein each of the at least two flow

paths has a first end in communication with an annulus of the wellbore and a

second end in communication with a bore of the wellbore tubular.



7 . The apparatus according to claim 1 further comprising an occlusion

member configured to occlude the at least one of the at least two flow paths.

8 . A method for controlling a flow of a fluid between a wellbore tubular and

an annulus of the well, comprising:

forming at least two flow paths in a body, each of the flow paths having a

first end in communication with the annulus and a second end in communication

with a bore of the wellbore tubular;

forming at least one of the at least two flow paths to receive an occlusion

member; and

hydraulically isolating the at least two flow paths from one another in the

body.

9 . The method according to claim 8 further comprising occluding at least

one of the at least two flow paths with the occlusion member.

10 . The method according to claim 8 further comprising configuring each of

the at least two flow paths to generate a different pressure drop in the fluid

flowing thereacross.

11. The method according to claim 8 further comprising configuring at least

one of the at least two flow paths to include at least one chamber and at least

one opening communicating with the at least one chamber.

12 . The method according to claim 8 further comprising configuring at least

one of the at least two flow paths to include a plurality of chambers, each of the

chambers being in fluid communication with one another.



13 . The method according to claim 8 further comprising configuring each of

the at least two flow paths to include a plurality of chambers, each of the

chambers being in fluid communication with one another, and wherein each of

the at least two flow paths generates a different pressure drop there across.

14 . The method according to claim 8 further comprising providing each of the

at least two flow paths with a first end in communication with an annulus of the

wellbore and a second end in communication with a bore of the wellbore tubular.

15 . A system for controlling a flow of fluid in a well, comprising:

a wellbore tubular disposed in the well, the wellbore tubular having a flow

bore;

a plurality of flow control devices positioned along the wellbore tubular,

each of the flow control devices including:

a body having a plurality of flow paths configured to convey the fluid

between an annulus of the well and the flow bore, each of the flow paths having

a first end in communication with an annulus of a wellbore and a second end in

communication with the flow bore and each of the flow paths being hydraulically

isolated from one another between their respective first ends and second ends,

and wherein at least one of the plurality of flow paths is selectively closable.

16 . The system according to claim 15 wherein each the plurality of flow paths

is configured to generate a different pressure drop in the fluid flowing

thereacross.

17 . The system according to claim 15 further comprising a occlusion member

configured to close the at least one of the plurality of flow paths.

18 . The apparatus according to claim 15 wherein each of the at least two flow

paths is configured to generate a different pressure drop in the fluid flowing

thereacross.



19 . The apparatus according to claim 15 wherein at least one of the at least

two flow paths includes at least one chamber and at least one opening

communicating with the at least one chamber.

20. The system to claim 15 wherein each of the at least two flow paths

includes a plurality of chambers, each of the chambers being in fluid

communication with one another, and wherein each of the at least two flow

paths generates a different pressure drop there across.
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