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ROTATIONAL MOTION-IN DUCING
FLOW CONTROL DEVICES AND METHODS OF USE

BACKGROUND

[000 1] The present invention general ly relates to wel lbore flow control

devices and, more specifical ly, to autonomous inflow control devices and

methods of use thereof.

[0002] I n hyd roca rbon prod uction wel ls, it is often beneficia l to reg ulate

the flow of formation f luids from a subterranea n formation into a wel lbore

penetrati ng the same. A variety of reasons or purposes can necessitate such

reg ulation incl udi ng, for example, prevention of water and/or gas coni ng,

minim izi ng water and/or gas prod uction, m in im izi ng sand production,

maxi m izi ng oil prod uction, ba la nci ng prod uction from various subterra nea n

zones, equal izi ng pressu re among various subterra nean zones, and/or the like.

[0003] A number of devices are ava ilable for regu lati ng the flow of

formation f luids. Some of these devices are non-d iscri minati ng for different

types of formation f luids and can sim ply function as a "gatekeeper" for

reg ulati ng access to the interior of a wel lbore pipe, such as a wel l stri ng . Such

gatekeeper devices can be simple on/off valves or they can be metered to

reg ulate f luid flow over a conti nuum of flow rates. Other types of devices for

reg ulati ng the flow of formation f luids can ach ieve at least some deg ree of

d iscri mination between different types of formation f luids. Such devices can

incl ude, for example, t ubu la r flow restrictors, nozzle-type flow restrictors,

autonomous inflow control devices, non-a utonomous inflow control devices,

ports, tortuous paths, combi nations thereof, and the like.

[0004] Autonomous inflow control devices can be pa rticu la rly

advantageous in subterra nea n operations, since they are able to automatica lly

reg ulate f luid flow without the need for operator control due to thei r design . I n

this rega rd, autonomous inflow control devices can be designed such that they

provide a greater resistance to the flow of undesi red f luids (e.g., gas and/or

water) than they do desi red f luids (e.g., oil), pa rticu la rly as the percentage of

the undesi red f luids increases. A number of autonomous inflow control device

desig ns su ita ble for use in subterranea n operations are known in the art.

However, it nonetheless rema ins advantageous to develop and desig n improved



autonomous inflow control devices that maximize production efficiency at lower

costs.

SUMMARY OF THE INVENTION

[0005] The present invention generally relates to wellbore flow control

devices and, more specifically, to autonomous inflow control devices and

methods of use thereof.

[0006] I n some embodiments, a flow control device is disclosed. The

flow control device may include a body having an inlet and an outlet and a flow

chamber extending therebetween, the flow chamber being configured to convey

a fluid composition comprising one of a desired fluid or an undesired fluid from

the inlet to the outlet, wherein the undesired fluid is more dense or less viscous

than the desired fluid, a nozzle arranged at the outlet and in fluid communication

with the flow chamber, and at least one helical groove defined along at least a

portion of an axial length of the flow chamber, the at least one helical groove

being configured to impart rotational motion to the fluid composition and thereby

force at least some of the undesired fluid into the at least one helical groove,

thereby slowing its progress along the axial length of the flow chamber.

[0007] I n other embodiments, a method of regulating fluid flow is

disclosed. The method may include receiving a fluid composition in a flow

control device comprising a body having an inlet and an outlet and a flow

chamber extending therebetween, the fluid composition comprising one of a

desired fluid and an undesired fluid, wherein the undesired fluid is more dense or

less viscous than the desired fluid, imparting rotational motion to the fluid

composition and thereby forcing a portion of the undesired fluid into at least one

helical groove defined along at least a portion of an axial length of the flow

chamber, and conveying the portion of the undesired fluid along the axial length

of the flow chamber within the at least one helical groove, thereby slowing an

axial progress of the portion of the undesired fluid.

[0008] I n yet other embodiments, a method of producing a fluid

composition may be disclosed. The method may include drawing the fluid

composition through a well screen arranged about a production tubular, the fluid

composition comprising one of a desired fluid and an undesired fluid wherein the

undesired fluid is more dense or less viscous than the desired fluid, receiving the

fluid composition in a flow control device arranged within a housing coupled to

the well screen, the flow control device comprising a body having an inlet and an



outlet and a flow chamber extending therebetween, imparting rotational motion

to the fluid composition and thereby forcing a portion of the undesired fluid into

at least one helical groove defined along at least a portion of an axial length of

the flow chamber, and conveying the portion of the undesired fluid along the

axial length of the flow chamber within the at least one helical groove, thereby

slowing an axial progress of the portion of the undesired fluid.

[0009] The features and advantages of the present invention will be

readily apparent to those skilled in the art upon a reading of the description of

the preferred embodiments that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following figures are included to illustrate certain aspects of

the present invention, and should not be viewed as exclusive embodiments. The

subject matter disclosed is capable of considerable modifications, alterations,

combinations, and equivalents in form and function, as will occur to those skilled

in the art and having the benefit of this disclosure.

[0011] FIG. 1 illustrates a cross-sectional view of a well system which

can embody principles of the present disclosure.

[0012] FIG. 2 is an enlarged cross-sectional view of one of the flow

control devices and a portion of one of the well screens of FIG. 1, according to

one or more embodiments.

[0013] FIG. 3 illustrates a cross-sectional view of an exemplary flow

control device, according to one or more embodiments.

[0014] FIG. 4 illustrates a cross-sectional view of another exemplary

flow control device, according to one or more embodiments.

[0015] FIG. 5 illustrates a cross-sectional view of another exemplary

flow control device, according to one or more embodiments.

DETAILED DESCRIPTION

[0016] The present invention generally relates to wellbore flow control

devices and, more specifically, to autonomous inflow control devices and

methods of use thereof.

[0017] The present disclosure describes exemplary flow control devices

that may be able to improve completion reliability and efficiency by smoothing

production throughout a production interval in a wellbore. This may be

accomplished by imparting rotational motion to an incoming fluid into the

exemplary flow control devices. Rotational motion can be particularly effective



for variably restricti ng f luid flow withi n a flow control device. Upon bei ng

subjected to the rotational forces induced by the flow control device, undesi red

components of the f luid com position may undergo greater rotationa l motion tha n

desi red com ponents of the f luid com position . As a resu lt, the undesi red

component traverses a longer flow pathway tha n does the desi red com ponent,

and the undesi red com ponent's residence t ime withi n the flow control device will

be increased .

[00 18] I n some embod iments, the desig n of the exem pla ry flow control

devices can be such that on ly f luids having certa in physical properties will

undergo a desi red deg ree of rotational motion therei n. That is, in some

embod iments, the design of an exem pla ry flow control device can be config ured

to take advantage of a f luid 's physica l properties such that at least one physica l

property dictates the f luid 's rate of passage t hroug h the flow control device.

Specifica lly, flu ids having certai n physica l properties (e.g., viscosity, velocity

and/or density) can be induced to undergo greater rotational motion when

passi ng throug h the flow control device, thereby increasi ng thei r tra nsit t ime

relative to f luids lacking that physica l property. For example, in some

embod iments, a flow control device may be config ured to induce increasi ng

rotationa l motion of a f luid with decreasi ng f luid viscosity. Conseq uently, in such

embod iments, a f luid having a greater viscosity (e.g., oil) may undergo less

rotationa l motion when passi ng through the flow control device tha n does a flu id

having a lower viscosity (e.g., gas or water), and the hig h viscosity f luid may

have its tra nsit t ime throug h the flow control device affected to a much lesser

degree tha n does the low viscosity f luid .

[00 19] Referri ng to FIG . 1, il lustrated is a wel l system 100 which can

embody pri nci ples of the present d isclosu re, accord ing to one or more

embod iments. As illustrated, the wel l system 100 may incl ude a wel lbore 102

that has a genera lly vertica l uncased section 104 that tra nsitions into a genera lly

horizontal uncased section 106 extend ing t hroug h a subterra nea n ea rth

formation 108. I n some embod iments, the vertica l section 104 may extend

downwa rd ly from a portion of the well bore 102 having a stri ng of casi ng 110

cemented therei n. A t ubu la r stri ng, such as prod uction t ubing 112, may be

insta lled in or otherwise extended into the wel lbore 102.

[0020] One or more wel l screens 114, one or more flow control devices

116, and one or more packers 118 may be interconnected along the prod uction



tubular 112, such as along portions of the production tubular 112 in the

horizontal section 106 of the wellbore 102. The packers 118 may be configured

to seal off an annulus 120 defined between the production tubular 112 and the

walls of the wellbore 102. As a result, fluids 122 may be produced from multiple

intervals or "pay zones" of the surrounding subterranean formation 108 via

isolated portions of the annulus 120 between adjacent pairs of the packers 118.

[0021] As illustrated, in some embodiments, a well screen 114 and a

flow control device 116 may be interconnected in the production tubular 112 and

positioned between a pair of packers 118. I n operation, the well screen 114

may be configured to filter the fluids 122 flowing into the production tubular 112

from the annulus 120. The flow control device 116 may be configured to restrict

or otherwise regulate the flow of the fluids 122 into the production tubular 112,

based on certain physical characteristics of the fluids.

[0022] It will be appreciated that the well system 100 of FIG. 1 is

merely one example of a wide variety of well systems in which the principles of

this disclosure can be utilized. Accordingly, it should be clearly understood that

the principles of this disclosure are not necessarily limited to any of the details of

the depicted well system 100, or the various components thereof, depicted in

the drawings or otherwise described herein. For example, it is not necessary in

keeping with the principles of this disclosure for the wellbore 102 to include a

generally vertical wellbore section 104 or a generally horizontal wellbore section

106. Moreover, it is not necessary for fluids 122 to be only produced from the

formation 108 since, in other examples, fluids could be injected into the

formation 108, or fluids could be both injected into and produced from the

formation 108, without departing from the scope of the disclosure.

[0023] Furthermore, it is not necessary that at least one well screen

114 and flow control device 116 be positioned between a pair of packers 118.

Nor is it necessary for a single flow control device 116 to be used in conjunction

with a single well screen 114. Rather, any number, arrangement and/or

combination of such components may be used, without departing from the scope

of the disclosure. I n some applications, it is not necessary for a flow control

device 116 to be used with a corresponding well screen 114. For example, in

injection operations, the injected fluid could be flowed through a flow control

device 116, without also flowing through a well screen 114.



[0024] It is not necessary for the wel l screens 114, flow control devices

116, packers 118 or any other com ponents of the prod uction t ubu la r 112 to be

positioned in uncased sections 104, 106 of the well bore 102 . Rather, any

section of the wel lbore 102 may be cased or uncased, and any portion of the

prod uction t ubu lar 112 may be positioned in an uncased or cased section of the

wel lbore 102, without departi ng from the scope of the d isclosu re.

[0025] Those ski lled in the art wil l readi ly recog nize the advantages of

bei ng able to regu late the flow of f luids 122 into the prod uction t ubu la r 112 from

each zone of the subterra nea n formation 108, for exam ple, to prevent water

coni ng 124 or gas coni ng 126 in the formation 108. Other uses for flow

reg ulation in a wel l incl ude, but are not limited to, bala nci ng prod uction from (or

injection into) multi ple zones, minim izi ng prod uction or injection of undesi red

f luids, maxi mizi ng prod uction or injection of desi red f luids, etc. The exem pla ry

flow control devices 116, as descri bed in greater deta il below, may provide such

benefits by increasing resista nce to flow if a f luid velocity increases beyond a

selected level (e.g., to thereby ba la nce flow among zones, prevent water coni ng

124 or gas coni ng 126, etc. ), increasi ng resistance to flow if a f luid viscosity or

density decreases below a selected level (e.g., to thereby restrict flow of an

undesi red f luid, such as water or gas, in an oil prod uci ng wel l), and/or increasi ng

resistance to flow if a f luid viscosity or density increases above a selected level

(e.g., to thereby minim ize injection of water in a steam injection wel l) .

[0026] Whether a f luid is a desi red or an undesi red f luid depends on the

purpose of the wel lbore operation bei ng conducted . For exam ple, if it is desi red

to prod uce oil from a wel l, but not to prod uce water or gas, then oil is a desi red

f luid and water and gas are undesi red f luids. If it is desi red to prod uce gas from

a wel l, but not to prod uce water or oil, the gas is a desi red f luid, and water and

oil are undesi red f luids. If it is desi red to inject stea m into a formation, but not

to inject water, then steam is a desi red f luid and water is an undesi red f luid .

Note that, at down hole tem peratu res and pressu res, hyd rocarbon gas can

actual ly be com pletely or pa rtia lly in liq uid phase. Thus, it shou ld be understood

that when the term "gas" is used herei n, supercritica l, liq uid and/or gaseous

phases are incl uded withi n the scope of that term .

[0027] Referri ng now to FIG . 2, with conti nued reference to FIG . 1,

illustrated is an en la rged cross-sectiona l view of one of the flow control devices

116 and a portion of one of the wel l screens 114, accordi ng to one or more



embodiments. As illustrated, the flow control device 116 may be arranged

within a housing 202 operably coupled to the production tubing 112. The well

screen 114 may be coupled to or otherwise attached to the housing 202 and

extend axially therefrom about the exterior of the production tubing 112. I n

some embodiments, the well screen 114 may be of the type known to those

skilled in the art as a wire-wrapped well screen. I n other embodiments,

however, the well screen 114 may be any other type or combination of well

screen such as, but not limited to, sintered screens, expandable screens, pre

packed screens, wire mesh screens, combinations thereof, and the like.

[0028] I n some embodiments, the flow control device 116 may be

formed as an integral part of or otherwise defined by the housing 202, such as

by machining or the like. I n other embodiments, however, the flow control

device 116 may be a separate mechanical component that may be installed or

otherwise inserted into the housing 202 in a cavity 204 suitably-defined in the

housing 202 for the receipt of the flow control device 116. The flow control

device 116 may be secured to the housing 202 within the cavity 204 using

several methods or techniques known to those skilled in the art. For instance,

the flow control device 116 may be installed and secured in the housing 202 by

shrink-fitting, press-fitting, o-ring seals, mechanical fasteners, welding, brazing,

industrial adhesives, threading, combinations thereof, and the like.

[0029] I n exemplary operation, a fluid 206 from the annulus 120 may

flow through the well screen 114 and is thereby filtered before flowing into an

inlet 208 of the flow control device 116. I n at least one embodiment, the fluid

206 may be received from regions of a well other than the annulus 120. I n

some embodiments, the fluid 206 may be a fluid composition originating from

the surrounding formation 108 and may include one or more fluid components,

such as oil and water, oil and gas, gas and water, oil, water and gas, etc.

Depending on the application, such fluids and/or fluid components may be

considered undesired or desired fluids or fluid components. Flow of the fluid 206

through the flow control device 116 may be resisted based on one or more

characteristics of the fluid 206, such as the density, the viscosity, or the velocity

of the fluid 206 or its various fluid components. After passing through the flow

control device 116, the fluid 206 may then be discharged therefrom and

eventually conveyed to an interior 210 of the production tubular 112 via one or

more flow ports 212 defined therein.



[0030] Wh ile FIG . 2 depicts a sing le flow control device 116 bei ng used

in conj unction with a sing le wel l screen 114, those ski lled in the art will readi ly

appreciate that multi ple flow control devices 116 may be used with one or

multi ple wel l screens 114, without depa rti ng from the scope of the d isclosu re.

For insta nce, in some embod iments, multi ple flow control devices 116 may be

arra nged in pa ra llel withi n the housi ng 202 and config ured to receive the f luid

206 from one or more wel l screens 114. I n other embod iments, multi ple flow

control devices 116 may be arra nged in series (e.g., outlet to inlet arra ngement

of flow control devices 116) with in the housi ng 202 and config ured to receive the

f luid 206 in seq uence from one or more wel l screens 114. I n some

embod iments, the flow control device 116 may be arra nged such that the f luid

206 flows t hroug h the flow control device 116 prior to flowi ng throug h the wel l

screen 114. Accord ing ly, it will be appreciated that the pri nci ples of this

d isclosu re are not lim ited to the deta ils or structu ra l config urations of the

pa rticu la r embod iment depicted in FIG . 2 .

[0031] Fu rther, it is to be recog nized that the orientation of the flow

control devices 116 may not be pa rticu la rly lim ited . I n some embod iments, for

example, the flow control devices 116 can be oriented substantia lly pa ra llel to

the axis of the prod uction t ubu la r 112, as i l lustrated . I n other embod iments,

however, the flow control devices 116 can be oriented substa ntia lly

perpend icu la r to the axis of the prod uction t ubu la r 112. That is, the flow

pathway establ ished by the flow control devices 116 can be either substa ntia lly

pa ra llel or substa ntia lly perpend icu lar to the prod uction t ubu la r 112 in various

embodi ments. I n yet other embodi ments, the flow pathway establ ished by the

flow control devices 116 may be sla nted or otherwise arra nged at any ang le

rang ing between pa ra llel and perpend icu lar to the long itud ina l axis of the

prod uction t ubu la r 112, without departing from the scope of the d isclosu re.

[0032] Referri ng now to FIG . 3, with conti nued reference to FIGS . 1 and

2, i l lustrated is a cross-sectional view of an exem pla ry flow control device 300,

accord ing to one or more embod iments. The flow control device 300 may

function somewhat simila r to the flow control device 116 of FIGS. 1 and 2 and

therefore may be best understood with reference thereto. As illustrated, the

flow control device 300 may incl ude a genera lly elongate body 302 havi ng a f irst

end 306a and a second end 306b and a flow cha mber 304 extend ing

long itud ina lly therebetween . The flow cha mber 304 may be defi ned or otherwise



formed in the body 302 and fluids flowing through the flow chamber 304 may

proceed generally in the direction indicated by the arrows A.

[0033] The first end 306a may provide an inlet 308a to the flow

chamber 304 and the second end 306b may provide an outlet 308b from the

flow chamber 304. I n some embodiments, the inlet 308a may be or otherwise

include the inlet 208 of FIG. 2 . I n other embodiments, however, the inlet 308a

may be a distinct feature of the flow control device 300 that fluidly

communicates with the inlet 208 of FIG. 2 such that they mutually form a

contiguous fluid flow path for fluids from the well screen 114 (FIG. 2) to enter

the flow control device 300.

[0034] I n some embodiments, as illustrated, the outlet 308b may

define or otherwise provide a nozzle or nozzle-type flow restrictor 310 in fluid

communication with the flow chamber 304. I n at least one embodiment, the

nozzle 310 may form an integral part of the flow chamber 304. The nozzle 310

may be configured to regulate fluid flow through the flow control device 300 by

generating a pressure drop across the flow control device 300 that generally

restricts the fluid flow therethrough. As a result, the flow control device 300

may at least partially operate as a passive inflow control device, as known by

those skilled in the art. I n at least one embodiment, the nozzle 310 may define

or otherwise provide a bowl 312 that provides a tapered transition from the flow

chamber 304 to the outlet 308b. In one or more embodiments, the bowl 312

may be configured to induce or otherwise enhance rotation of the fluid flowing

through the flow control device 300 prior to entering outlet 308b.

[0035] The flow control device 300 may further define or otherwise

provide one or more helical grooves 314 that may spiral along all or a portion of

the inner circumferential surface of the flow chamber 304. I n some

embodiments, the pitch 316 of the helical groove 314 may remain substantially

constant along the flow chamber 304, as illustrated. In other embodiments,

however, the pitch 316 may vary along the flow chamber 304, without departing

from the scope of the disclosure. The helical groove 314 may provide the flow

control device 300 with the ability to differentiate between various fluid

components of the fluid 206, thereby delaying the production of undesired fluids

(e.g., water and gas) and simultaneously allowing for more efficient production

of desired fluids {e.g., oil).



[0036] Specifically, the helical groove 314 may be configured to impart,

induce, or otherwise cause the incoming fluid 206 to spin or rotate upon entering

the flow control device 300. I n some embodiments, the tapered surface of the

bowl 312 may be configured to enhance or otherwise amplify the rotational

motion of the fluid 206 as it approaches the outlet 308b. As a result, the fluid

206 may be subjected to centrifugal or vortex forces that may cause a fluid (or

fluid component) that is more dense and/or less viscous (i.e., an undesired fluid

or fluid component) to collect or otherwise congregate in the helical groove 314

as the fluid 206 progresses in the direction A. On the other hand, fluids (or fluid

components) that are less dense and/or otherwise more viscous (i.e., a desired

fluid or fluid component) may be less susceptible to the centrifugal or vortex

forces and will therefore generally flow through the center of the flow control

device 300 and more directly to the outlet 308b. Consequently, the undesired

fluid (or undesired fluid component) may generally follow the path of the helical

groove 314 to the outlet 306b, thereby being required to traverse a much longer

pathway along the axial length of the flow control device 300 than the desired

fluid (or desired fluid component). The undesired fluid, therefore, may be

delayed in its entrance into the production tubular 112, while production of the

desired fluid (or fluid component) may be largely unaffected.

[0037] Those skilled in the art will readily recognize the advantages this

may provide. For example, in the event there is a water or gas breakthrough in

the formation 108 (FIGS. 1 and 2) during production operations, the flow control

device 300 may be able to differentiate between the water/gas (i.e., fluids that

are more dense and/or less viscous) and the oil (i.e., a fluid that is less dense

and/or more viscous). As a result, production of the water/gas (e.g., an

undesired fluid) may be substantially delayed as it may be required to traverse

the spiraling helical groove 314 before entering the production tubular 112,

while production of the oil (e.g., a desired fluid) may be largely unaffected and

thereby maximized. In operation, therefore, the flow control device 300 may

operate as an autonomous inflow control device that has the ability to sense

viscosity changes in incoming fluids and react to such changes, thereby

dramatically minimizing water and gas cuts while increasing overall oil

production over the life of a well.

[0038] Referring now to FIG. 4, with continued reference to FIG. 3,

illustrated is a cross-sectional view of another exemplary flow control device



400, according to one or more embodiments. The flow control device 400 may

be substantially similar to the flow control device 300 of FIG. 3, and therefore

may be best understood with reference thereto where like numerals represent

like components not described again. Similar to the flow control device 300 of

FIG. 3, the flow control device 400 provides the flow chamber 304, the nozzle

310 defined at the outlet 308b or second end 306b of the flow chamber 304, and

the one or more helical grooves 314 defined on the inner circumferential surface

of the flow chamber 304.

[0039] Unlike the flow control device 300 of FIG. 3, however, the pitch

316 of the helical groove 314 of the flow control device 400 may vary along the

axial length of the flow chamber 304. Specifically, in at least one embodiment,

the pitch 316 may progressively decrease along the length of the flow chamber

304 in the direction A that the fluid 206 flows, thereby increasing the distance

the undesired fluid (or fluid components) will have to travel. As a result, the

axial progress in direction A of undesired fluid (or undesired fluid components)

will correspondingly decrease along the axial length of the flow control device

400, thereby delaying production of such undesired fluids even more.

[0040] While FIG. 4 depicts the pitch 316 of the helical groove 314 as

decreasing along the axial length of the flow chamber 304, those skilled in the

art will readily appreciate that the pitch 316 may vary in alternative ways,

without departing from the scope of the disclosure. For example, in some

embodiments, the pitch 316 may increase along the axial length of the flow

chamber 304. In other embodiments, the pitch 316 may alternate between one

or more portions that decrease and one or more portions that increase. Those

skilled in the art will appreciate that there are several other configurations or

degrees of the pitch 316 that may be used in the present embodiments, without

departing from the scope of the disclosure.

[0041] Referring now to FIG. 5, with continued reference to FIGS. 3 and

4, illustrated is a cross-sectional view of another exemplary flow control device

500, according to one or more embodiments. The flow control device 500 may

be substantially similar to the flow control devices 300 and 400 of FIGS. 3 and 4,

respectively, and therefore may be best understood with reference thereto

where like numerals again represent like components. Similar to the flow

control devices 300 and 400 of FIGS. 3 and 4, respectively, the flow control

device 500 provides the flow chamber 304, the inlet 308a defined at the first



end 306a of the flow chamber 304, and the nozzle 310 defined at the outlet

308b or second end 306b of the flow chamber 304.

[0042] Unlike the flow control devices 300 and 400 of FIGS. 3 and 4,

however, the pitch 316 (FIGS. 3 and 4) of the one or more helical grooves 314

may be increased dramatically such that the helical grooves 314 may be

substantially characterized or otherwise defined as "rifling" grooves in the flow

chamber 304. I n some embodiments, for example, the lead of each helical

groove 314 (i.e., the distance along the longitudinal axis of the flow chamber

304 that is covered by one complete rotation of a helical groove 314) may

extend the entire length of the flow chamber 304. I n other embodiments,

however, the lead of each helical groove 314 may extend across half the flow

chamber 304. In yet other embodiments, the lead of each helical groove 314

may extend across more than half the flow chamber 304 but less than the entire

length thereof. Those skilled in the art will readily appreciate that various

dimensions of pitch 316 and lead may be used or otherwise defined, without

departing from the scope of the disclosure.

[0043] Those skilled in the art will readily appreciate the several

advantages the exemplary flow control devices described herein may provide.

For instance, the flow control devices described herein are reliable devices that

do not have any moving parts. Nonetheless, the flow control devices may be

able to improve completion reliability and efficiency by smoothing production

throughout a production interval in a wellbore. As generally described herein,

this may be accomplished by delaying the breakthrough of undesired fluids (or

undesired fluid components), such as water and gas, from a well. Such a delay

in production of these undesired fluids may greatly reduce water and gas

production after a breakthrough. As a result, an operator may enjoy increasing

ultimate recovery of desired fluids (or desired fluid components), such as oil,

from the well.

[0044] Therefore, the present invention is well adapted to attain the

ends and advantages mentioned as well as those that are inherent therein. The

particular embodiments disclosed above are illustrative only, as the present

invention may be modified and practiced in different but equivalent manners

apparent to those skilled in the art having the benefit of the teachings herein.

Furthermore, no limitations are intended to the details of construction or design

herein shown, other than as described in the claims below. It is therefore



evident that the particular illustrative embodiments disclosed above may be

altered, combined, or modified and all such variations are considered within the

scope and spirit of the present invention. The invention illustratively disclosed

herein suitably may be practiced in the absence of any element that is not

specifically disclosed herein and/or any optional element disclosed herein. While

compositions and methods are described in terms of "comprising," "containing,"

or "including" various components or steps, the compositions and methods can

also "consist essentially of" or "consist of" the various components and steps.

All numbers and ranges disclosed above may vary by some amount. Whenever

a numerical range with a lower limit and an upper limit is disclosed, any number

and any included range falling within the range is specifically disclosed. I n

particular, every range of values (of the form, "from about a to about b," or,

equivalently, "from approximately a to b," or, equivalently, "from approximately

a-b") disclosed herein is to be understood to set forth every number and range

encompassed within the broader range of values. Also, the terms in the claims

have their plain, ordinary meaning unless otherwise explicitly and clearly defined

by the patentee. Moreover, the indefinite articles "a" or "an," as used in the

claims, are defined herein to mean one or more than one of the element that it

introduces. If there is any conflict in the usages of a word or term in this

specification and one or more patent or other documents that may be

incorporated herein by reference, the definitions that are consistent with this

specification should be adopted.



CLAIMS

The invention claimed is:

1 . A flow control device, comprising:

a body having an inlet and an outlet and a flow chamber extending

therebetween, the flow chamber being configured to convey a fluid

composition comprising one of a desired fluid or an undesired fluid

from the inlet to the outlet, wherein the undesired fluid is at least

one of more dense and less viscous than the desired fluid;

a nozzle arranged at the outlet and in fluid communication with the flow

chamber; and

at least one helical groove defined along at least a portion of an axial

length of the flow chamber, the at least one helical groove being

configured to impart rotational motion to the fluid composition and

thereby force at least some of the undesired fluid into the at least

one helical groove, thereby slowing its progress along the axial

length of the flow chamber.

2 . The flow control device of claim 1, wherein the nozzle comprises a

bowl that provides a tapered transition from the flow chamber to the outlet, the

bowl being configured to enhance the rotational motion of the undesired fluid as

the fluid approaches the outlet.

3 . The flow control device of claim 1, wherein the at least one helical

groove has a lead that extends the entire axial length of the flow chamber.

4 . The flow control device of claim 1, wherein the at least one helical

groove comprises a plurality of helical grooves and a pitch of the plurality of

helical grooves is constant along the axial length of the flow chamber.

5 . The flow control device of claim 1, wherein the at least one helical

groove comprises a plurality of helical grooves and a pitch of the plurality of

helical grooves varies along the axial length of the flow chamber.

6 . The flow control device of claim 5, wherein the pitch progressively

decreases along the axial length of the flow chamber.

7 . A method of regulating fluid flow, comprising:

receiving a fluid composition in a flow control device comprising a body

having an inlet and an outlet and a flow chamber extending

therebetween, the fluid composition comprising one of a desired



fluid and an undesired fluid, wherein the undesired fluid is more

dense or less viscous than the desired fluid;

imparting rotational motion to the fluid composition and thereby forcing a

portion of the undesired fluid into at least one helical groove

defined along at least a portion of an axial length of the flow

chamber; and

conveying the portion of the undesired fluid along the axial length of the

flow chamber within the at least one helical groove, thereby slowing

an axial progress of the portion of the undesired fluid.

8 . The method of claim 7, further comprising restricting the fluid flow

through the flow chamber with a nozzle arranged at the outlet and in fluid

communication with the flow chamber.

9 . The method of claim 8, further comprising enhancing the rotational

motion of the fluid composition as it approaches the outlet with a bowl defined

by the nozzle, the bowl providing a tapered transition from the flow chamber to

the outlet.

10. The method of claim 7, wherein imparting rotational motion to the

fluid composition further comprises increasing the rotational motion of the fluid

composition with decreasing fluid viscosity of the fluid composition.

11. The method of claim 7, wherein the at least one helical groove has

a lead that extends the entire axial length of the flow chamber.

12. The method of claim 7, wherein the at least one helical groove

comprises a plurality of helical grooves and a pitch of the plurality of helical

grooves is constant along the axial length of the flow chamber.

13. The method of claim 7, wherein the at least one helical groove

comprises a plurality of helical grooves and a pitch of the plurality of helical

grooves varies along the axial length of the flow chamber.

14. The method of claim 13, further comprising slowing the axial

progress of the portion of the undesired fluid even further with a progressively-

decreasing pitch of the plurality of helical grooves along the axial length of the

flow chamber.

15. A method of producing a fluid composition, comprising:

drawing the fluid composition through a well screen arranged about a

production tubular, the fluid composition comprising one of a



desired fluid and an undesired fluid wherein the undesired fluid is

more dense or less viscous than the desired fluid;

receiving the fluid composition in a flow control device arranged within a

housing coupled to the well screen, the flow control device

comprising a body having an inlet and an outlet and a flow chamber

extending therebetween;

imparting rotational motion to the fluid composition using at least one

helical groove defined along at least a portion of an axial length of

the flow chamber and thereby forcing a portion of the undesired

fluid into the at least one helical groove; and

conveying the portion of the undesired fluid along the axial length of the

flow chamber within the at least one helical groove, thereby slowing

an axial progress of the portion of the undesired fluid.

16. The method of claim 15, further comprising conveying the fluid

composition from the flow control device into an interior of the production

tubular.

17. The method of claim 15, further comprising restricting the fluid flow

through the flow chamber with a nozzle arranged at the outlet and in fluid

communication with the flow chamber.

18. The method of claim 17, further comprising enhancing the

rotational motion of the undesired fluid as it approaches the outlet with a bowl

defined by the nozzle, the bowl providing a tapered transition from the flow

chamber to the outlet.

19. The method of claim 15, wherein imparting rotational motion to the

fluid composition further comprises increasing the rotational motion of the fluid

composition with decreasing fluid viscosity of the fluid composition.

20. The method of claim 15, wherein the at least one helical groove has

a lead that extends the entire axial length of the flow chamber.

21. The method of claim 15, wherein the at least one helical groove

comprises a plurality of helical grooves and a pitch of the plurality of helical

grooves is constant along the axial length of the flow chamber.

22. The method of claim 15, wherein the at least one helical groove

comprises a plurality of helical grooves and a pitch of the plurality of helical

grooves varies along the axial length of the flow chamber.



23. The method of claim 22, further comprising slowing the axial

progress of the portion of the undesired fluid even further with a progressively-

decreasing pitch of the plurality of helical grooves along the axial length of the

flow chamber.









INTERNATIONAL SEARCH REPORT International application No.

PCT/US2012/070842
A. CLASSIFICATION OF SUBJECT MATTER

E21B 43/12(2006.01)i, E21B 43/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 43/12; F15C 1/16; E21B 34/00; E21B 43/00; E21B 23/00; E21B 43/08; E21B 34/14; E21B 34/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords:flow control, chamber, nozzle, helical groove, bowl, and pitch

DOCUMENTS CONSD3ERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 8327885 B2 (DYKSTRA et a l.) 11 December 2012 1-23

See column 2 , lines 15-17, column 3 , lines 23-28, column 6 , ines 5-7,

column 13, lines 34-37; claim 43; and figures 1-3.

US 2012-0181037 A l (H0LDERMAN, LUKE W.) 19 July 2012 1-23

See paragraphs [0004]-[0007] ; claim 1 ; and figures 1-3.

US 2011-0079396 A l (RUSSELL et a l .) 07 April 2011 1-23

See abstract and paragraphs [0008]-[0011] .

US 2008-0283238 A l (RICHARDS et al.) 20 November 2008 1-23

See abstract and paragraphs [0006]-[0013] .

US 2012-0255740 A l (FRIPP et al.) 11 October 2012 1-23

See abstract; paragraphs [0022]-[0039] ; and figures 1-3.

I IFurther documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts o priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

26 August 2013 (26.08.2013) 27 August 2013 (27.08.2013)
Name and mailing address of the ISA/KR Authorized officer «

Korean Intellectual Property Office
- Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, LEE Jong Kyung

« 302 70 1' Republic of Korea
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3360

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/070842

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 8327885 B2 11/12/2012 AU 2010-284478 Al 02/02/2012
CA 2768208 Al 24/02/2011
CN 102472093 A 23/05/2012
US 2011-042091 Al 24/02/2011
us 2011-214876 Al 08/09/2011
us 2013-056217 Al 07/03/2013
us 8235128 B2 07/08/2012
us 8479831 B2 09/07/2013

o 2011-022210 A2 24/02/2011
o 2011-022210 A3 12/05/2011

US 2012-0181037 Al 19/07/2012 AU 2011-293751 Al 11/04/2013
CA 2808080 Al 01/03/2012
CN 103080467 A 01/05/2013
EP 2609286 Al 03/07/2013
US 2012-048563 Al 01/03/2012
us 8356668 B2 22/01/2013
us 8376047 B2 19/02/2013
wo 2012-027157 Al 01/03/2012

US 2011-0079396 Al 07/04/2011 AU 2010-300455 Al 19/04/2012
CN 102612589 A 25/07/2012
GB 2476148 A 15/06/2011
NO 20120419 A 20/04/2012
US 2011-0079384 Al 07/04/2011
US 2011-0079387 Al 07/04/2011
US 8403038 B2 26/03/2013
US 8403061 B2 26/03/2013
WO 2011-041674 A2 07/04/2011
WO 2011-041674 A3 21/07/2011

US 2008-0283238 Al 20/11/2008 wo 2008-143784 A2 27/11/2008
wo 2008-143784 A3 15/01/2009

US 2012-0255740 Al 11/10/2012 wo 2012-138681 A2 11/10/2012
wo 2012-138681 A3 03/01/2013

Form PCT/ISA/210 (patent family annex) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

