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TITLE: FLOW RESTRICTION DEVICE

Inventors.Yang Xu, Martin P. Coronado

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

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

fluid flow into a production string in a wellbore.

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 inflow of gas into the wellbore that could significantly reduce oil

production. In like fashion, a water cone may cause an inflow of water into the oil

production flow that reduces the amount and quality of the produced oil. Accordingly, it is

desired to provide even drainage across a production zone and / or the ability to selectively

close off or reduce inflow within production zones experiencing an undesirable influx of

water and/or gas.

[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 into a wellbore tubular in a wellbore. The apparatus may include a flow path

configured to convey the fluid from the formation into a flow bore of the wellbore; and a

plurality of flow control elements along the flow path. The flow control elements may be

configured to cause changes in the inertial direction of the fluid flowing in the flow path. In

embodiments, the change in inertial direction occurs at junctures along the flow path. The

plurality of flow control elements may separate the fluid into at least two flow paths. The

flow control elements may also be configured to cause an increase in a pressure drop in

the flow path as a concentration of water increases in the fluid.

[0005] In one arrangement, the flow control elements may be configured to form a

plurality of segmented pressure drops across the flow path. The plurality of segment

pressure drops may include a first pressure drop segment and a second pressure drop

segment that is different from the first pressure drop segment. The first pressure drop

segment may be generated by a passage along the flow path. The second pressure drop

may be generated by an orifice or a slot.

[0006] In one aspect, the flow path may be formed across an outer surface of a

tubular at least partially surrounding the flow path. The flow path may be formed by a

plurality of flow control elements defining channels. Each flow control element can include

slots that provide fluid communication between the channels. In embodiments, the flow

path may be formed by a plurality of serially aligned flow control elements having channels.

Each flow control element may have orifices that provide fluid communication between the

channels.

[0007] In aspects, the present disclosure also provides an inflow control apparatus

that includes a plurality of flow control elements along a flow path that cause a plurality of

segmented pressure drops in the flow path. The plurality of segmented pressure drops

may include at least a first pressure drop and a second pressure drop different from the

first pressure drop. The plurality of segmented pressure drops may also include a plurality



of the first pressure drops and a plurality of the second pressure drops.

[0008] In aspects, the present disclosure also provides a method for controlling a flow of

a fluid into a wellbore tubular in a wellbore. The method may include conveying the fluid

from the formation into a flow bore of the wellbore using a flow path; and causing a plurality

of changes in inertial direction of the fluid flowing in the flow path. In some arrangements,

the method may include positioning a plurality of flow control elements along the flow path

to cause the changes in inertial direction. The method may also include separating the

fluid into at least two flow paths. In embodiments, the method may include increasing a

pressure drop in the flow path as a concentration of water increases in the fluid. In

embodiments, the method may also include causing a plurality of segmented pressure

drops across the flow path. The plurality of segment pressure drops may include a first

pressure drop segment and a second pressure drop segment that is different from the first

pressure drop segment.

[0009] 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

[001 0] 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 inflow 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 inflow 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 an in-flow control made in accordance with one

embodiment of the present disclosure that uses a labyrinth-like flow path;

Figs. 5A and 5B are an isometric view and a sectional view, respectively, of an in¬

flow control made in accordance with one embodiment of the present disclosure that uses

segmented pressure drops;

Fig. 6 is an isometric view of another inflow control device made in accordance with

one embodiment of the present disclosure that uses segmented pressure drops; and

Fig. 7 graphically illustrates pressure drops associated with various in-flow control

devices.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] The present disclosure relates to devices and methods for controlling production

of a hydrocarbon producing 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. Further, while

embodiments may be described as having one or more features or a combination of two or

more features, such a feature or a combination of features should not be construed as

essential unless expressly stated as essential.

[0012] 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 nipples 34 are positioned at selected

points along the production assembly 20. Optionally, each production nipple 34 is isolated

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

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

serial fashion along the horizontal portion 32.

[0013] Each production nipple 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. 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.

[0014] 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 21 and the wall of the wellbore 11. There are no perforations, and the packers

36 may be used to separate the production nipples. However, there may be some

situations where the packers 36 are omitted. The nature of the production control device is

such that the fluid flow is directed from the formation 16 directly to the nearest production

nipple 34.

[0015] 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 flow bore 102 of a tubular

104 along a production string (e.g., tubing string 22 of Fig. 1). This flow control can 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.

This can be advantageous, for example, to equalize production flow of oil in situations

wherein a greater flow rate is expected at a "heel" of a horizontal well than at the "toe" of

the horizontal well. By appropriately configuring the production control devices 100, such

as by pressure equalization or by restricting inflow of gas or water, a well owner can

increase the likelihood that an oil bearing reservoir will drain efficiently. Exemplary

production control devices are discussed herein below.

[0016] 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 an in-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. In embodiments, the in-flow control device 120 utilizes flow

channels that control in-flow rate and / or the type of fluids entering the flow bore 102 via

one or more flow bore orifices 122. Illustrative embodiments are described below.

[001 7] Referring now to Fig. 4, there is shown an exemplary in-flow control device 180 for

controlling one or more characteristics of fluid flow from a formation into a flow bore 102

(Fig. 3). In embodiments, the in-flow control device 180 includes a series of flow control

elements 182 that may be configured to cause a specified flow characteristic in the in-flow

control device 180 for a given fluid. Exemplary characteristics include, but are not limited

to, flow rate, velocity, water cut, fluid composition, and pressure. The flow control elements

182 may incorporate one or more features that control friction factors, flow path surface

properties, and flow path geometry and dimensions. These features, separately or in

combination, may be cause flow characteristics to vary as fluid with different fluid

properties (e.g., density and viscosity) flow through the in-flow device 180. For instance,

the flow control elements 182 may be configured to provide greater resistance to the flow

of water than the flow of oil. Thus, the in-flow control device 180 may reduce the flow rate

through the in-flow device 180 as the concentration of water, or "water cut," increases in

the flowing fluid.

[0018] In one embodiment, the flow control elements 182 are formed on a sleeve 184

having an outer surface 186. The sleeve 184 may be formed as a tubular member that is

received into the flow space 130 (Fig. 3) of the in-flow control device 180. In one

arrangement, the flow control elements 182, which may be wall-like features, may be

arranged as a labyrinth that forms a tortuous flow path 188 for the fluid flowing through the

in-flow control device 180. In one embodiment, the tortuous flow path 188 may include a

first series of passages 190 and a second series of passages 192. The first series of

passages and the second series of passages 192 may be oriented differently from one

another; e.g., the passages 190 may direct flow circularly around the sleeve 184 whereas



the passages 192 may direct flow generally along the sleeve 184. The passage 190 may

be formed between two flow control elements 182 and may partially or fully circumscribe

the sleeve 184. The passage 192 may be formed as a slot in the flow control element 186

at a location that is one-hundred eighty degrees circumferentially offset from the passage

192 in an adjacent flow control element 186. It should be understood that the shown

arrangement is merely illustrative and not exhaustive of configurations for the flow control

elements 182. For example, diagonal or curved passages may also be utilized in certain

applications. Moreover, while a single path 188 is shown, two or more paths may be used

to convey fluid in a parallel arrangement across the in-flow control device 180.

[0019] During one exemplary use, a fluid may initially flow in a generally circular path

along a passage 190 until the fluid reaches a passage 192. Then the fluid transitions to a

generally axially aligned flow when passing through the passage 192. As the fluid exits the

passage 192, the fluid is separated in the next passage 190 into two streams: one stream

flows in a clockwise direction and another stream flows in a counter-clockwise direction.

After traveling approximately one-hundred eighty degrees, the two fluid streams rejoin to

flow through the next passage 192. The fluid flows along this labyrinth-like flow path until

the fluid exits via the opening 122 (Fig. 3).

[0020] It should be understood that the flowing fluid encounters a change in flow direction

at the junctures 194 between the passages 190 and 192. Because the junctures 194

cause a change in the inertial direction of the fluid flow, i.e., the direction of flow the fluid

would have otherwise traveled, a pressure drop is generated in the flowing fluid.

Additionally, the splitting and rejoining of the flowing fluid at the junctures 194 may also

contribute to an energy loss and associated pressure drop in the fluid.

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

190 and 192 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] It should be appreciated that the above-described features may, independently or

in concert, contribute to causing a specified pressure drop along the in-flow control device

180. The pressure drop may be caused by changes in inertial direction of the flowing fluid

and / or the frictional forces along the flow path. Moreover, the in-flow control device may

be configured to have one pressure drop for one fluid and a different pressure drop for

another fluid. Other exemplary embodiments utilizing flow control elements are described

below.

[0023] Referring now to Figs. 5A and 5B, there is shown another exemplary in-flow

control device 200 that uses one or more flow control elements 202 to control one or more

characteristics of flow from a formation into a flow bore 102. In embodiments, the flow

control elements 202 may be formed as plates 203. The plates 203 may be arranged in a

stacked fashion between the particulate control device (Fig. 3) and the flow bore orifice

122 (Fig. 3). Each plate 203 has an orifice 204 and a channel 206. The orifice 204 is a

generally circular passage, as section of which is shown in Fig. 5B. The orifices 204 and

the channels 206 are oriented in a manner that fluid flowing through a flow space 130 (Fig.

3) of the in-flow control device 200 is subjected to periodic changes in direction of flow as

well as changes in the configuration of the flow path. Each of these elements may

contribute to imposing a different magnitude of pressure drops along the in-flow control

device 200. For instance, the orifices 204 may be oriented to direct flow substantially along

the long axis of the flow bore 102 and sized to provide a relatively large pressure drop.

Generally speaking, the diameter of the orifices 204 is one factor that controls the

magnitude of the pressure drop across the orifices 204. The channels 206 may be formed

to direct flow in a circular direction around the long axis of the flow bore 102 and configured

to provide a relatively small pressure drop. Generally speaking, the frictional losses

caused by the channels 206 control the magnitude of the pressure drop along the channels

206. Factors influencing the frictional losses include the cross-sectional flow area, the



shape of the cross-sectional flow area (e.g., square, rectangular, etc.) and the tortuosity of

the channels 206. In one arrangement, the channels 206 may be formed as

circumferential flow paths that run along a one-hundred eighty degree arc between orifices

204. The channels 206 may be formed entirely on one plate 203 or, as shown, a portion of

each channel 206 is formed on each plate 203. Moreover, a plate 203 may have two or

more orifices 204 and / or two or more channels 206.

[0024] Thus, in one aspect, the in-flow device 200 may be described as having a flow

path defined by a plurality of orifices 204, each of which are configured to cause a first

pressure drop and a plurality of channels 206, each of which are configured to cause a

second pressure drop different from the first pressure drop. The channels 206 and the

orifices 204 may alternate in one embodiment, as shown. In other embodiments, two or

more channels 206 or two or more orifices 204 may be serially arranged.

[0025] In another aspect, the in-flow device 200 may be described as being configurable

to control both the magnitude of a total pressure drop across the in-flow control device 200

and the manner in which the total pressure drop is generated across the in-flow control

device 200. By manner, it is meant the nature, number and magnitude of the segmented

pressure drops that make up the total pressure drop across the in-flow control device 200.

In one illustrative configurable embodiment, the plates 203 may be removable or

interchangeable. Each plate 203 may have the one or more orifices 204 and one or more

channels 206. Each plate 203 may have the same orifices 204 (e.g., same diameter,

shape, orientation, etc.) or different orifices 204 (e.g., different diameter, shape, orientation,

etc.). Likewise, each plate 203 may have the same channels 206 (e.g., same length,

width, curvature, etc.) or different channels 206 (e.g., different length, width, curvature,

etc.). As described previously, each of the orifices 204 generates a relatively steep

pressure drop and each of the channels 206 generates a relatively gradual pressure drop.

Thus, the in-flow control device 200 may be configured to provide a selected total pressure

drop by appropriate selection of the number of plates 203. The characteristics of the

segments of pressure drops making up the total pressure drop may controlled by

appropriate selection of the orifices 204 and the channels 206 in the plates 203.



[0026] Referring now to Fig. 6, there is shown another exemplary in-flow control device

220 for controlling one or more characteristics of flow from a formation into a flow bore 102.

In embodiments, the in-flow control device 220 includes a sleeve 222 having an outer

surface 224 on which are formed of a series of flow control elements 226. The sleeve 202

may be formed as a tubular member that is received into the flow space 130 (Fig. 3) of the

in-flow control device 220. In one arrangement, the flow control elements 226 may be

formed as ribs that form a tortuous flow path 228 for the fluid entering the in-flow control

device 220. The tortuous flow path 228 may include a series of relatively narrow slots 230

and relatively wide channels 232. The passages 230 may be formed in the flow control

elements 226 and may provide a relatively steep pressure drop in a manner analogous to

the orifices 204 of Fig. 5A. The channels 232 may be formed between the flow control

elements 226 and provide a relatively gradual pressure drop in a manner analogous to the

channels 206 of Fig.-5A. The narrow slots 230 and the wide channels 232 are oriented in

a manner that fluid flowing through the in-flow control device 220 is subjected to periodic

changes in direction of flow as well as changes in the configuration of the flow path 228. In

a manner previously described, each of these features may contribute to imposing a

different magnitude of pressure drops along the in-flow control device 220. Generally

speaking, the length, width, depth and quantity of the narrow slots 230 control the

magnitude of the pressure drop across the narrow slots 230. Generally speaking, the

frictional losses caused by the channels 232 control the magnitude of the pressure drop

along the channels 232. Factors influencing the frictional losses include the cross-

sectional flow area and the tortuosity of the channels 232. In one arrangement, the

channels 232 may be formed as circumferential flow paths that run along a one-hundred

eighty degree arc between slots 230. While the narrow slots 230 are shown aligned with

the axis of the flow bore 102 and the wide channels 232 are shown to direct flow in

circumferentially around the long axis of the flow bore 102, other directions may be utilized

depending on the desired flow characteristics.

[0027] Referring now to Fig. 7, there is graphically shown illustrative pressure drops

associated with various pressure drop arrangements that may be used in connection with

in-flow control devices. The graph 260 shows, in rather generalized form, a plot of



pressure versus length of an in-flow control device. Line 262 roughly represents a

pressure drop across an orifice. Line 264 roughly represents a pressure drop across a

helical flow path. Line 266 roughly represents a pressure drop across the Fig. 4

embodiment of an in-flow control device. Line 268 roughly represents a pressure drop

across the Fig. 5 or Fig. 6 embodiments of an in-flow control device. To better illustrate

the teachings of the present disclosure, the lines 262-268 are intended to show, for a given

pressure drop (P), the differences in the general nature of a pressure drop and the length

that may be needed to obtain the pressure drop (P). As can be seen in line 262, an orifice

causes a relatively steep pressure drop over a very short interval, which may generate flow

velocities that wear and corrode the orifice. A helical flow path, as shown in line 264,

provides a graduated pressure drop and does not generate high flow velocities. The length

needed to generate the pressure drop (P), however, may be longer than that needed for an

orifice.

[0028] As seen in line 266, the Fig. 4 in-flow control device obtain the pressure drop (P)

in a shorter length. This reduced length may be attributed to the previously-described

changes in inertial direction that, in addition to the frictional forces generated by the flow

surfaces, generate controlled pressure drops in the flow path. Line 266 is shown as a

graduated drop because the pressure drops associated with the changes in inertial

direction may be approximately the same as the pressure drops associated with frictional

losses fn other embodiments, however, the changes in inertial direction may create a

different pressure drop that those caused by frictional forces.

[0029] As seen in line 268, the Figs. 5A-B and 6 in-flow control devices utilize

segmented pressure drops to obtain the pressure drop (P). The pressure drop segments

associated with the orifices 204 (Figs. 5A-B) are larger than the pressure drop segments

associated with the passages 206 (Figs. 5A-B), which leads to the "stairs" or stepped

reduction in pressure. In some embodiments, the segmented pressure drops may be

utilized to reduce a required length of an in-flow control device. In other embodiments, the

Figs. 5A-B and 6 devices may be constructed for particular types of oil (e.g., heavy oils).

[0030] As should be appreciated with reference to lines 266 and 268, the in-flow control



devices of the present disclosure may reduce the length needed to obtain the pressure

drop (P) as compared to a helical flow path but still avoid the high flow velocities

associated with an orifice.

[0031] 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 flow through these and other wellbore tubulars.

[0032] 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 "slot," "passages,"

and "channels" 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 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 into a wellbore tubular in a wellbore,

comprising:

a flow path configured to convey the fluid from the formation into a flow bore of

the wellbore; and

a plurality of flow control elements along the flow path, the plurality of flow control

elements being configured to cause a plurality of changes in inertia! direction of the fluid

flowing in the flow path.

2. The apparatus according to claim 1 wherein the plurality of flow control elements

separate the fluid into at least two flow paths.

3. The apparatus according to claim 1 wherein the plurality of flow control elements

are configured to cause an increase in a pressure drop in the flow path as a

concentration of water increases in the fluid.

The apparatus according to claim 1 wherein the plurality of flow control elements

are configured to form a plurality of segmented pressure drops across the flow path.

5. The apparatus of claim 4 , wherein the plurality of segmented pressure drops

includes a first pressure drop segment and a second pressure drop segment that is

different from the first pressure drop segment.

6. The apparatus of claim 5 wherein the first pressure drop segment is generated

by a passage along the flow path.

7. The apparatus of claim 5 wherein the second pressure drop is generated by one

of: (i) an orifice, and (ii) a slot.

8. The apparatus according to claim 4 wherein the flow path is formed across an



outer surface of a tubular at least partially surrounding the flow path.

9. The apparatus according to claim 4 wherein the flow path is formed by a plurality

of flow control elements defining channels, the flow control elements each including

slots that provide fluid communication between the channels.

10. The apparatus according to claim 4 wherein the flow path is formed by a plurality

of serially aligned flow control elements having channels, the flow control elements

having orifices that provide fluid communication between the channels.

11. The apparatus according to claim 1 further comprising a plurality of junctures

along the flow path, the change in inertia! direction occurring at each juncture.

12. An apparatus for controlling a flow of a fluid into a wellbore tubular in a wellbore,

comprising:

a flow path configured to convey the fluid from the formation into a flow bore of

the wellbore; and

a plurality of flow control elements along the flow path, the plurality of flow control

elements being configured to cause a plurality of segmented pressure drops in the flow

path.

13. The apparatus according to claim 12 wherein the plurality of segmented pressure

drops include at least a first pressure drop and a second pressure drop different from

the first pressure drop.

14. The apparatus according to claim 12 wherein the plurality of segmented pressure

drops include a plurality of the first pressure drops and a plurality of the second

pressure drops.

15. An method for controlling a flow of a fluid into a wellbore tubular in a wellbore,

comprising:



conveying the fluid from the formation into a flow bore of the wellbore using a

flow path; and

causing a plurality of changes in inertial direction of the fluid flowing in the flow

path.

16. The method according to claim 15 further comprising positioning a plurality of

flow control elements along the flow path to cause the changes in inertial direction.

17. The method according to claim 15 further comprising separating the fluid into at

least two flow paths.

18. The method according to claim 15 further comprising increasing a pressure drop

in the flow path as a concentration of water increases in the fluid.

19. The method according to claim 15 further comprising causing a plurality of

segmented pressure drops across the flow path.

20. The method of according to claim 19, wherein the plurality of segment pressure

drops includes a first pressure drop segment and a second pressure drop segment that is

different from the first pressure drop segment.
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