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(57) ABSTRACT 

A ?uid ?oW control apparatus (100) for controlling the 
in?ow of production ?uids from a subterranean Well 
includes a ?uid discriminator section (104) and a ?oW 
restrictor section (106) that is con?gured in series With the 
?uid discriminator section (104) such that ?uid must pass 
through the ?uid discriminator section (104) prior to passing 
through the ?oW restrictor section (106). The ?uid discrimi 
nator section (104) is operable to autonomously restrict at 
least a portion of an undesired ?uid type, such as Water or 
gas, from the production ?uids. The ?oW restrictor section 
(106) is operable to restrict the ?oW rate of the production 
?uids, thereby minimizing the pressure drop across the ?uid 
discriminator section (104). 
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APPARATUS FOR CONTROLLING THE 
INFLOW OF PRODUCTION FLUIDS FROM A 

SUBTERRANEAN WELL 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of co-pending application Ser. No. 11/466,022 ?led 
Aug. 21, 2006 entitled Autonomous In?oW Restrictors for 
Use in a Subterranean Well, the entire contents of Which is 
hereby incorporated by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates, in general, to controlling the 
production of ?uids from a Well that traverses a hydrocarbon 
bearing subterranean formation and, in particular, to an 
apparatus for controlling the ?oW rate and constituent com 
position of production ?uids from the subterranean Well. 

BACKGROUND OF THE INVENTION 

[0003] Without limiting the scope of the present invention, 
its background Will be described With reference to producing 
?uid from a subterranean formation, as an example. 
[0004] During the completion of a Well that traverses a 
hydrocarbon bearing subterranean formation, production 
tubing and various equipment are installed in the Well to 
enable safe and e?icient production of the formation ?uids. 
For example, to prevent the production of particulate mate 
rial from an unconsolidated or loosely consolidated subter 
ranean formation, certain completions include one or more 
sand control screens positioned proximate the desired pro 
duction intervals. In other completions, to control the ?oW 
rate of production ?uids into the production tubing, it is 
common practice to install one or more ?oW control devices 
Within the tubing string. 
[0005] Recently, attempts have been made to utiliZe ?uid 
?oW control devices Within completions requiring sand 
control. For example, in one such device, after production 
?uids ?oWs through the ?lter media of the sand control 
screen, the ?uids are directed into a ?oW control labyrinth. 
A slidable sleeve on the labyrinth controls the ?uid velocity 
therethrough. The slidable sleeve is moved by a remotely 
and electrically-operated device placed in the sand control 
screen. The ?uid leaving the labyrinth passes to the tubing 
string for carrying to the surface. While certain bene?ts have 
been achieved through the use of such devices, many of 
these devices are complicated to operate and have suffered 
from poor reliability. 
[0006] Accordingly, need has arisen for a ?uid ?oW con 
trol device for controlling the in?oW of formation ?uids in 
a completion requiring sand control. A need has also arisen 
for such a ?uid ?oW control device that is not di?icult or 
expensive to manufacture. Further, a need has arisen for 
such a ?uid ?oW control device that is reliable in a variety 
of ?oW conditions. 

SUMMARY OF THE INVENTION 

[0007] The present invention disclosed herein comprises a 
?oW control apparatus for controlling the in?oW of forma 
tion ?uids in completions requiring sand control. The ?oW 
control apparatus of the present invention is not di?icult or 
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expensive to manufacture. In addition, the ?oW control 
apparatus of the present invention is reliable in a variety of 
?oW conditions. 

[0008] In one aspect, the present invention is directed to a 
?oW control apparatus for controlling the in?oW of produc 
tion ?uids from a subterranean Well that includes a ?uid 
discriminator section and a ?oW restrictor section con?gured 
in series With the ?uid discriminator section such that ?uid 
must pass through the ?uid discriminator section prior to 
passing through the ?oW restrictor section. The ?uid dis 
criminator section is operable to autonomously restrict at 
least a portion of an undesired ?uid type from the production 
?uids. The ?oW restrictor section is operable to restrict the 
?oW rate of the production ?uids. 

[0009] In one embodiment of the ?oW control apparatus, 
the ?uid discriminator section includes a substantially cir 
cumferential chamber having a plurality of circumferentially 
distributed outlets and a plurality of blocking members 
disposed Within the substantially circumferential chamber. 
In this embodiment, at least a portion of the blocking 
members may have a density greater than that of oil. 
Alternatively or additionally, a portion of the blocking 
members may have a density less than that of oil. In another 
embodiment, a ?rst portion of the blocking members may 
have a Weight that is greater than that of a second portion of 
the blocking members. In certain embodiments, spacer 
members may be disposed betWeen at least some of the 
blocking members. The blocking members may be formed 
in a variety of shapes including spherically shaped blocking 
members, cylindrically shaped blocking members and par 
tially circumferentially shaped blocking members. 
[0010] In another embodiment of the ?oW control appa 
ratus, the ?oW restrictor section includes a passageWay. In 
one embodiment, the passageWay has an effective ?oW area 
less than tWenty ?ve percent of an unrestricted e?fective ?oW 
area of the ?uid discriminator section. In another embodi 
ment, the passageWay has an effective ?oW area less than ten 
percent of an unrestricted e?fective ?oW area of the ?uid 
discriminator section. In certain embodiments, the passage 
Way may be a helical passageWay or may include a plurality 
of helical passageWays. 

[0011] In another aspect, the present invention is directed 
to a ?oW control apparatus for controlling the in?oW of 
production ?uids from a subterranean Well that includes a 
sand control screen element, a ?uid discriminator section 
con?gured in series With the sand control screen element 
such that ?uid must pass through the sand control screen 
element prior to passing through the ?uid discriminator 
section. A ?oW restrictor section is con?gured in series With 
the ?uid discriminator section such that ?uid must pass 
through the ?uid discriminator section prior to passing 
through the ?oW restrictor section. The ?uid discriminator 
section is operable to autonomously restrict at least a portion 
of an undesired ?uid type from the production ?uids. The 
?oW restrictor section is operable to restrict the ?oW rate of 
the production ?uids. 
[0012] In one embodiment, the ?uid discriminator section 
includes a substantially circumferential chamber having a 
plurality of circumferentially distributed outlets and a plu 
rality of blocking members disposed Within the substantially 
circumferential chamber that cooperate With the outlets to 
autonomously restrict the at least a portion of the undesired 
?uid type from the production ?uids. 
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[0013] In a further aspect, the present invention is directed 
to a ?oW control apparatus for controlling the in?oW of 
production ?uids from a subterranean Well that includes a 
?uid discriminator section and a ?oW restrictor section 
con?gured in series With the ?uid discriminator section such 
that ?uid must pass through the ?uid discriminator section 
prior to passing through the ?oW restrictor section. The ?uid 
discriminator section includes a substantially circumferen 
tial chamber having a plurality of circumferentially distrib 
uted outlets and a plurality of blocking members disposed 
Within the substantially circumferential chamber that coop 
erate With the outlets to autonomously restrict at least a 
portion of an undesired ?uid type from the production ?uids. 
The ?oW restrictor section includes a helical passageWay 
having an effective ?oW area less than tWenty ?ve percent of 
an unrestricted e?‘ective ?oW area of the ?uid discriminator 
section such that the ?oW restrictor section is operable to 
restrict the ?oW rate of the production ?uids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] For a more complete understanding of the features 
and advantages of the present invention, reference is noW 
made to the detailed description of the invention along With 
the accompanying ?gures in Which corresponding numerals 
in the different ?gures refer to corresponding parts and in 
Which: 

[0015] FIG. 1 is a schematic illustration of a Well system 
operating a plurality of ?uid ?oW control devices according 
to the present invention; 
[0016] FIG. 2A is side vieW partially in quarter section and 
partially in half section of a ?uid ?oW control device 
according to the present invention; 
[0017] FIG. 2B is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 2A taken along line 2B-2B; 

[0018] FIG. 2C is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 2A taken along line 2B-2B during tWo 
phase ?oW of oil and Water; 
[0019] FIG. 2D is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 2A taken along line 2B-2B during 
three phase ?oW of oil, gas and Water; 
[0020] FIG. 3A is side vieW partially in quarter section and 
partially in half section of a ?uid ?oW control device 
according to the present invention; 
[0021] FIG. 3B is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 3A taken along line 3B-3B; 

[0022] FIG. 4Ais side vieW partially in quarter section and 
partially in half section of a ?uid ?oW control device 
according to the present invention; 
[0023] FIG. 4B is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 4A taken along line 4B-4B; 

[0024] FIG. 5A is side vieW partially in quarter section and 
partially in half section of a ?uid ?oW control device 
according to the present invention; 
[0025] FIG. 5B is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 5A taken along line 5B-5B; 

[0026] FIG. 6A is side vieW partially in quarter section and 
partially in half section of a ?uid ?oW control device 
according to the present invention; and 
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[0027] FIG. 6B is a cross sectional vieW of the ?uid ?oW 
control device of FIG. 6A taken along line 6B-6B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] While the making and using of various embodi 
ments of the present invention are discussed in detail beloW, 
it should be appreciated that the present invention provides 
many applicable inventive concepts Which can be embodied 
in a Wide variety of speci?c contexts. The speci?c embodi 
ments discussed herein are merely illustrative of speci?c 
Ways to make and use the invention, and do not delimit the 
scope of the present invention. 
[0029] Referring initially to FIG. 1, therein is depicted a 
Well system including a plurality of ?uid ?oW control 
devices embodying principles of the present invention that is 
schematically illustrated and generally designated 10. In the 
illustrated embodiment, a Wellbore 12 extends through the 
various earth strata. Wellbore 12 has a substantially vertical 
section 14, the upper portion of Which has installed therein 
a casing string 16. Wellbore 12 also has a substantially 
horiZontal section 18 that extends through a hydrocarbon 
bearing subterranean formation 20. As illustrated, substan 
tially horizontal section 18 of Wellbore 12 is open hole. 
[0030] Positioned Within Wellbore 12 and extending from 
the surface is a tubing string 22. Tubing string 22 provides 
a conduit for formation ?uids to travel from formation 20 to 
the surface. Positioned Within tubing string 22 in the various 
production intervals adjacent to formation 20 are a plurality 
of ?uid ?oW control devices 24. On either side of each ?uid 
?oW control device 24 is a packer 26 that provides a ?uid 
seal betWeen tubing string 22 and the Wall of Wellbore 12. 
Each pair of adjacent packers 26 de?nes a production 
interval. Through use of the ?uid ?oW control devices of the 
present invention and by providing numerous production 
intervals, precise control over the volume and composition 
of the produced ?uids is enabled. For example, in an oil 
production operation if an undesired ?uid component, such 
as Water or gas, is entering one of the production intervals, 
the ?uid ?oW control device in that interval Will autono 
mously restrict the production of that undesired ?uid com 
ponent and in some cases the entire ?uid stream from the 
production interval. 
[0031] Accordingly, When a production interval corre 
sponding to a particular one of the ?uid ?oW control devices 
produces a greater proportion of an undesired ?uid, the ?uid 
?oW control devices in that interval Will increasingly restrict 
?oW from that interval. Thus, the other production intervals 
Which are producing a greater proportion of desired ?uid, in 
this case oil, Will contribute more to the production stream 
entering tubing string 22. In particular, there Will be a greater 
pressure drop from formation 20 to tubing string 22, result 
ing in a greater production of the desired ?uid, due to the 
increased restriction to ?oW from the production interval 
producing a greater proportion of the undesired ?uid. 
[0032] In the illustrated embodiment, each of the ?uid 
?oW control devices 24 provides not only ?uid ?oW control 
capability but also sand control capability. The sand control 
screen elements or ?lter media associated With ?uid ?oW 
control devices 24 are designed to alloW ?uids to ?oW 
therethrough but prevent particulate matter of su?icient siZe 
from ?oWing therethrough. The exact design of the screen 
element associated With ?uid ?oW control devices 24 is not 
critical to the present invention as long as it is suitably 
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designed for the characteristics of the formation ?uids and 
any treatment operations to be performed. For example, the 
sand control screen may utilize a nonperforated base pipe 
having a Wire Wrapped around a plurality of ribs positioned 
circumferentially around the base pipe that provide stand off 
betWeen the base pipe and the Wire Wrap. Alternatively, a 
?uid-porous, particulate restricting, sintered metal material 
such as a plurality of layers of a Wire mesh that are sintered 
together to form a ?uid porous Wire mesh screen could be 
used as the ?lter medium. As illustrated, a protective outer 
shroud having a plurality of perforations therethrough may 
be positioned around the exterior of the ?lter medium. 
[0033] Even though FIG. 1 depicts the ?uid ?oW control 
devices of the present invention in an open hole environ 
ment, it should be understood by those skilled in the art that 
the ?uid ?oW control devices of the present invention are 
equally Well suited for use in cased Wells. Also, even though 
FIG. 1 depicts one ?uid ?oW control device in each pro 
duction interval, it should be understood by those skilled in 
the art that any number of ?uid ?oW control devices of the 
present invention may be deployed Within a production 
interval Without departing from the principles of the present 
invention. 

[0034] In addition, even though FIG. 1 depicts the ?uid 
?oW control devices of the present invention in a horiZontal 
section of the Wellbore, it should be understood by those 
skilled in the art that the ?uid ?oW control devices of the 
present invention are equally Well suited for use in deviated 
or vertical Wellbores. Accordingly, it should be understood 
by those skilled in the art that the use of directional terms 
such as above, beloW, upper, loWer, upWard, doWnWard and 
the like are used in relation to the illustrative embodiments 
as they are depicted in the ?gures, the upWard direction 
being toWard the top of the corresponding ?gure and the 
doWnWard direction being toWard the bottom of the corre 
sponding ?gure. Further, even though FIG. 1 depicts the 
?uid ?oW control devices of the present invention as includ 
ing sand control screen elements, it should be understood by 
those skilled in the art that the ?uid ?oW control devices of 
the present invention are equally Well suited for use apart 
from the sand control screen elements. 

[0035] Referring next to FIGS. 2A-2B, therein is depicted 
a ?uid ?oW control device according to the present invention 
that is representatively illustrated and generally designated 
100. Fluid ?oW control device 100 may be suitably coupled 
to other similar ?uid ?oW control devices, production pack 
ers, production tubulars or other doWnhole tools to form a 
tubing string as described above. Fluid ?oW control device 
100 includes a sand control screen section 102, a ?uid 
discriminator section 104, a ?oW restrictor section 106 and 
a ?uid inlet section 108. Sand control screen section 102 
includes a suitable sand control screen element or ?lter 
medium, such as a Wire Wrap screen, a Woven Wire mesh 
screen or the like, designed to alloW ?uids to ?oW there 
through but prevent particulate matter of su?icient siZe from 
?oWing therethrough. In the illustrated embodiment, a pro 
tective outer shroud 110 having a plurality of perforations 
112 is positioned around the exterior of the ?lter medium. 
[0036] Fluid discriminator section 104 is con?gured in 
series With sand control screen section 102 such that ?uid 
must pass through sand control screen section 102 prior to 
entering ?uid discriminator section 104. Fluid discriminator 
section 104 includes an outer housing 114 that de?nes an 
annular chamber 116 With a nonperforated section of base 
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pipe 118. Fluid discriminator section 104 also includes 
retainer rings 120, 121. Retainer ring 120 has a plurality of 
outlets 122 circumferentially spaced therein. Outlets 122 are 
designed to provide a ?uid passageWay from chamber 116 to 
?oW restrictor section 106. Each of the outlets 122 has a 
predetermined e?‘ective ?oW area. Together, the effective 
?oW areas of all the outlets 122 de?ne the unrestricted 
e?‘ective ?oW area of ?uid discriminator section 104. As 
used herein the term e?‘ective ?oW area refers to the com 
bined in?uence of the length of a ?oW restriction and the 
cross-sectional ?oW area of the ?oW restriction under Dar 
cy’s laW Wherein a proportional relationship exists betWeen 
the instantaneous discharge rate through a porous medium, 
the viscosity of the ?uid and the pressure drop over a given 
distance. 

[0037] One or more ?oW blocking members 124, depicted 
as spherical members or balls are disposed Within chamber 
116 betWeen retainer rings 120, 121 and cooperate With 
outlets 122 to restrict the ?oW of any undesired portion of 
the production ?uid that enter ?uid discriminator section 
104. For example, When the desired ?uid component of oil 
is produced along With an undesirable ?uid component of 
Water, the density of members 124 is such that certain of the 
outlets 122 are blocked by certain of the members 124 to 
shut off or choke the ?oW of Water therethrough. As 
explained in greater detail beloW, the density of each of the 
members 124 is preferably greater than that of the oil, 
enabling each to either maintain a position Within chamber 
116 distant from outlets 122 When either no Water or only a 
very small proportion of Water is present in chamber 116, or 
a position shutting off or choking ?oW through outlets 122 
When a larger proportion of Water is present in chamber 116. 
Thus, When the production ?uid is mainly oil, members 124 
Will be positioned relatively distant from outlets 122, for 
example, at the bottom of chamber 116. When a su?icient 
proportion of Water is present in the production ?uid, 
hoWever, members 124 Will restrict ?oW of the Water by 
shutting off or choking ?oW through certain ones of the 
outlets 122. 

[0038] FloW restrictor section 106 is con?gured in series 
With ?uid discriminator section 104 such that ?uid must pass 
through ?uid discriminator section 104 prior to entering ?oW 
restrictor section 106. FloW restrictor section 106 includes 
an outer housing 126 that is suitably coupled to outer 
housing 114 of ?uid discriminator section 104. Outer hous 
ing 126 de?nes an annular chamber 128 With a nonperfo 
rated section of base pipe 118. Disposed Within chamber 128 
is an annular ?oW rate controller 130. FloW rate controller 
130 includes one or more passageWays 132 through Which 
the production ?uid must travel. In the illustrated embodi 
ment, the passageWays 132 are in the form of helical 
passageWays that provide a relative long pathWay for the 
?uids to travel as the ?uid must travel circumferentially 
Within ?oW restrictor section 106. The one or more passage 
Ways 132, each have an effective ?oW area, the sum of Which 
is preferably less than tWenty ?ve percent of the unrestricted 
e?‘ective ?oW area of ?uid discriminator section 104 and 
more preferably less than ten percent of the unrestricted 
e?‘ective ?oW area of ?uid discriminator section 104. As 
such, ?oW restrictor section 106 is operable to restrict the 
?oW rate of the production ?uids through ?uid ?oW control 
device 100. 

[0039] The use of the highly restrictive ?oW rate controller 
130 in ?oW restrictor section 106 creates a large pressure 
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drop in the production ?uid stream through ?uid ?oW 
control device 100. At the same time, since the effective ?oW 
area through ?uid discriminator section 104 is much larger, 
the production ?uid stream experiences a relatively small 
pressure drop passing through ?uid discriminator section 
104. This is true even as a ?rst group of members 124 begin 
to seat on certain of the outlets 122 to preferentially reduce 
the ?oW of the undesired ?uid therethrough. As the number 
of outlets 122 being blocked by members 124 approaches 
the total number of outlets 122, the pressure drop through 
?uid discriminator section 104 approaches and becomes 
more signi?cant than the pressure drop through ?oW restric 
tor section 106. 

[0040] Once the production ?uids pass through ?oW rate 
controller 130 of ?oW restrictor section 106, they enter 
annular chamber 134 and eventually enter the interior of 
base pipe 118 via openings 136 Which are depicted in the 
form of slots. Once inside base pipe 118, the production 
?uids ?oW to the surface Within the tubing string. 
[0041] Even though ?oW rate controller 130 has been 
described as including one or more helical passageWays, it 
should be understood by those skilled in the art that the ?oW 
rate controller of the present invention could alternatively 
utiliZe other types of passageWays Without departing from 
the principles of the present invention. For example, the 
passageWays could comprise one or more straight passage 
Ways such as those provided by ?oW tubes, one or more 
passageWays having reversals in direction or other labyrinth 
type structures and the like. In addition, ?oW rate controller 
130 of the present invention could employ passageWays in 
the form of noZZles, ports or other types of ?oW restrictors. 

[0042] Referring noW to FIGS. 2B-2D, the operation of 
?uid ?oW control device 100 in various ?oW regimes and 
With various con?gurations of ?oW blocking members 124 
Will noW be described. FIG. 2B depicts a ?oW regime in 
Which all or nearly all of the production ?uid is oil. Members 
124 are preferably not buoyant as long as the Well is 
producing a su?icient proportion of oil. As can be seen, 
members 124 are substantially positioned in a bottom por 
tion of chamber 116 and generally at distance from most of 
the outlets 122. This result is achieved by forming members 
124 to have a density that is greater than that of oil and 
preferably about that of the Water expected to be produced 
or at least of a density betWeen the density of Water and the 
density of oil. For example, the density of members 124 may 
preferably be about 1030 kg/m3. 
[0043] As best seen in FIG. 2C, as Water is produced into 
?uid ?oW control device 100 members 124 provide the 
capability of increasingly restricting ?oW of ?uid there 
through. When the density of the produced ?uid increases by 
a su?icient amount, members 124 become neutrally buoyant 
and are carried by the Water phase and engage outlets 122, 
due to the pressure drop across the outlets, thereby restrict 
ing ?oW of the production ?uid therethrough. Neutral buoy 
ancy of members 124 only occurs When a su?icient propor 
tion of Water is produced. As illustrated, member 124 have 
engaged the loWest ?ve outlets 122. In some instances, as the 
Water rate may increase sloWly, it is possible to continue to 
produce the oil fraction through the upper outlets 122 While 
preferentially blocking the Water fraction as is shoWn in FIG. 
2C. Speci?cally, an oil and Water interface level exists 
Within ?uid ?oW control device 100 near the locations 
identi?ed as 138, 140. 
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[0044] In other instances, su?icient Water Will be produced 
such that all of the outlets 122 Would be blocked. Thus, 
When the production ?uid contains an undesirable ?uid such 
as Water, restriction to ?oW through ?uid ?oW control device 
100 increases. A greater proportion of undesirable ?uids in 
the produced ?uid results in a greater restriction to ?oW 
through ?uid ?oW control device 100. This results in pro 
duction from those production intervals producing undesir 
able ?uids being reduced due to the increased restriction to 
?oW through its corresponding ?uid ?oW control device 100, 
While production from other production intervals producing 
more desirable ?uids is increased due to the overall pressure 
drop as a given ?uid ?oW control device 100 nears complete 
closedoWn. 

[0045] In some instances, a complete closedoWn of pro 
duction is not Wanted no matter hoW great the proportion of 
the undesired ?uid. In such instances, the number of mem 
bers 124 can be less than the number of outlets 122. This 
effectively provides for certain of the outlets 122 to serve as 
bypass outlets, thereby alloWing for some production, even 
though members 124 may have shut off or choked ?oW 
through the remaining outlets 122. In this example, the 
number of outlets 122 serving as bypass outlets may be such 
that the ?oW rate constriction through ?uid discriminator 
section 104 is less than or greater than the ?oW rate 
constriction through ?oW restrictor section 106. 
[0046] As best seen in FIG. 2D, the production ?uid is 
depicted as being strati?ed in chamber 116 into a layer of 
Water at the bottom, a layer of oil in the middle and a layer 
of gas at the top. As illustrated, some of the members 124 are 
blocking or at least increasingly restricting ?oW of gas 
through the upper three outlets 122 and some of the mem 
bers 124 are blocking or at least increasingly restricting ?oW 
of the Water through the loWer ?ve outlets 122. In this 
embodiment, not all the members 124 have the same density. 
Preferably, certain of the members 124 have a density of 
about 600 kg/m3 to about 800 kg/m3, Which is generally 
betWeen the density of oil and the density of gas. By 
selecting an average density preferable from about 600 
kg/m to about 800 kg/m3, and by keeping in mind that the 
density of oil is typically someWhat less than 900 kg/m3, 
these members 124 Will be in a buoyant or free-?oating state 
as long as the gas included in the ?uid does not loWer the 
overall density of the production ?uid beloW the selected 
member density. On the other hand, if the in?ux of gas 
should result in an overall density of the ?uid approximately 
equal to the member density, then these members 124 Will 
have neutral buoyancy and Will nonetheless be dragged to 
the upper outlets 122 due to the pressure drop thereacross. 
[0047] As illustrated, since the density of certain members 
124 is betWeen the density of oil and the density of gas, some 
of these members 124 Will be positioned at the interface 
betWeen the oil and gas near the locations identi?ed as 142, 
144. If the interface descends in chamber 116 due to an 
increase in the proportion of gas in the production ?uids, an 
increasing number of upper outlets 122 Will be blocked by 
members 124. LikeWise, if the interface ascends in chamber 
116 due to an increasing proportion of oil and/ or Water in the 
production ?uids, a decreasing number of the upper outlets 
122 Will be blocked by members 124. 
[0048] As described above, certain of the members 124 
have a density that is greater than that of oil and preferably 
about that of the Water expected to be produced or at least 
of a density betWeen the density of Water and the density of 
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oil. For example, the density of theses members 124 may 
preferably be about 1030 kg/m3. As illustrated, these mem 
bers 124 have engaged the loWest ?ve outlets 122. In 
addition, other of these members 124 are neutral buoyancy 
at an oil and Water interface level Within chamber 116 near 
the locations identi?ed as 146, 148. If the interface betWeen 
the Water and oil ascends in chamber 116 due to an increased 
production of Water, an increasing number of loWer outlets 
122 Will be blocked by members 124. If the interface 
descends in chamber 116 due to an increase in oil and/or gas 
production, a decreasing number of the loWer outlets 122 
Will be blocked by members 124. 
[0049] As discussed above, in some instances a complete 
closedoWn of production is not Wanted no matter hoW great 
the proportion of the undesired ?uid or ?uids. In the embodi 
ment of FIG. 2D, instead of certain of the outlets 122 serving 
as bypass outlets, it is preferred to have an incomplete seal 
created betWeen members 124 and some or all of the outlets 
122. In this manner, the engagement of members 124 With 
outlets 122 creates an increased restriction to ?oW, Without 
completely preventing ?oW. Thus, some of the gas is per 
mitted to ?oW through the upper outlets 122 Which are 
engaged by members 124 and some of the Water is permitted 
to ?oW through the loWer outlets 122 Which are also engaged 
by members 124, but these ?oWs are very restricted. 
[0050] Thus, the ?uid ?oW control device of the present 
invention provides multiple bene?ts. As a ?rst group of 
outlets 122 becomes blocked by members 124 due to the 
initial production of undesired ?uids into a particular pro 
duction interval, the pressure drop in the ?uids passing 
through that ?uid ?oW control device is predominately 
affected by its ?oW restrictor section. As such, the pressure 
drop associated With that ?uid ?oW control device Will not 
signi?cantly change and Will therefore have little effect on 
production from other production intervals. When most of 
the outlets 122 become blocked by members 124 due to 
signi?cant production of undesired ?uids into a particular 
production interval, the ?uid discriminator section becomes 
the primary factor in the overall pressure drop associated 
With that ?uid ?oW control device, thereby providing a 
larger pressure drop across that ?uid ?oW control device, 
Which increases the pressure drop across other production 
intervals in the Well, alloWing greater production from oil 
producing Zones. 

[0051] Even though members 124 have been described as 
having discrete densities based upon their desired service, it 
should be understood by those skilled in the art that all of the 
members intended to block gas production do not necessar 
ily have the same density and all of the members intended 
to block Water production do not necessarily have the same 
density. Instead, the members in each category could have a 
range of different densities so that the members are neutrally 
buoyant in different densities of production ?uids. In this 
manner, a greater number of the members intended to block 
Water production Would be available to block or restrict ?oW 
of the production ?uid having a greater proportion of Water, 
and a greater number of the members intended to block gas 
production Would be available to block or restrict ?oW of the 
production ?uid having a greater proportion of gas. 
[0052] Referring next to FIGS. 3A-3B, therein is depicted 
a ?uid ?oW control device according to the present invention 
that is representatively illustrated and generally designated 
200. Fluid ?oW control device 200 may be suitably coupled 
to other similar ?uid ?oW control devices, production pack 
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ers, production tubulars or other doWnhole tools to form a 
tubing string as described above. Fluid ?oW control device 
200 includes a sand control screen section 202, a ?uid 
discriminator section 204, a ?oW restrictor section 206 and 
a ?uid inlet section 208. Sand control screen section 202 
includes a suitable sand control screen element or ?lter 
medium and is illustrated as including a protective outer 
shroud 210 having a plurality of perforations 212 positioned 
around the exterior of the ?lter medium. 
[0053] Fluid discriminator section 204 is con?gured in 
series With sand control screen section 202 such that ?uid 
must pass through sand control screen section 202 prior to 
entering ?uid discriminator section 204. Fluid discriminator 
section 204 includes an outer housing 214 that de?nes an 
annular chamber 216 With a nonperforated section of base 
pipe 218. Fluid discriminator section 204 also includes 
retainer rings 220, 221. Retainer ring 220 has a plurality of 
outlets 222 circumferentially spaced therein designed to 
provide a ?uid passageWay from chamber 216 to ?oW 
restrictor section 206. 
[0054] One or more ?oW blocking members 224, depicted 
as spherical members or balls are disposed Within chamber 
216 betWeen retainer rings 220, 221 and cooperate With 
outlets 222 to restrict the ?oW of any undesired portion of 
the production ?uids that enter ?uid discriminator section 
204. As explained above, in the case of a production ?uid 
containing both oil and Water, the density of members 224 
is such that certain of the outlets 222 are blocked by certain 
of the members 224 to shut off or choke the ?oW of Water 
therethrough. Thus, When the production ?uid is mainly oil, 
members 224 Will be positioned relatively distant from 
outlets 222, for example, at the bottom of chamber 216. 
When a su?icient proportion of Water is present in the 
production ?uid, hoWever, members 224 Will restrict ?oW of 
the Water by shutting off or choking ?oW through certain 
ones of the outlets 222. 

[0055] FloW restrictor section 206 is con?gured in series 
With ?uid discriminator section 204 such that ?uid must pass 
through ?uid discriminator section 204 prior to entering ?oW 
restrictor section 206. FloW restrictor section 206 includes 
an outer housing 226 that is suitably coupled to outer 
housing 214 of ?uid discriminator section 204. Outer hous 
ing 226 de?nes an annular chamber 228 With a nonperfo 
rated section of base pipe 218. Disposed Within chamber 228 
is an annular ?oW rate controller 230. FloW rate controller 
230 includes one or more helical passageWays 232 that 
provide a relative long pathWay for the ?uids to travel Within 
?oW restrictor section 206 and that provide a more restric 
tive pathWay than the unrestricted pathWay through ?uid 
discriminator section 204 in a manner similar to that 
described above With reference to ?oW restrictor section 106 
and ?uid discriminator section 104. As such, ?oW restrictor 
section 206 is operable to restrict the ?oW rate of the 
production ?uids through ?uid ?oW control device 200. 
[0056] Once the production ?uids pass through ?oW rate 
controller 230 of ?oW restrictor section 206, they enter 
annular chamber 234 and eventually enter the interior of 
base pipe 218 via openings 236 Which are depicted in the 
form of slots. Once inside base pipe 218, the production 
?uids ?oW to the surface Within the tubing string. 
[0057] As With ?uid ?oW control device 100 of FIG. 2, 
?uid ?oW control device 200 is operable in various ?oW 
regimes and With various con?gurations of ?oW blocking 
members 224. For example, members 224 may have a single 
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density and be designed to block a single type of undesirable 
?uid such as Water or gas in an oil production operation, or 
may have tWo densities and be designed to block multiple 
types of undesirable ?uids such as Water and gas in an oil 
production operation. Also, all of the members intended to 
block a certain undesired ?uid do not necessarily have the 
same density. Instead, the members in each category could 
have a range of different densities so that the members are 
neutrally buoyant in different densities of production ?uids. 
The embodiment illustrated in FIG. 3 is particularly suitable 
for use With members 224 having multiple densities. Unlike 
the embodiment of FIG. 2 in Which members 124 are 
con?ned Within a narroW chamber 116, members 224 can 
more freely organiZe themselves Within the Wider chamber 
216 such that the use of more members 224 having a greater 
variety of densities enables greater control over the produc 
tion ?uids passing therethrough. 
[0058] Referring next to FIGS. 4A-4B, therein is depicted 
a ?uid ?oW control device according to the present invention 
that is representatively illustrated and generally designated 
300. Fluid ?oW control device 300 may be suitably coupled 
to other similar ?uid ?oW control devices, production pack 
ers, production tubulars or other doWnhole tools to form a 
tubing string as described above. Fluid ?oW control device 
300 includes a sand control screen section 302, a ?uid 
discriminator section 304, a ?oW restrictor section 306 and 
a ?uid inlet section 308. Sand control screen section 302 
includes a suitable sand control screen element or ?lter 

medium and is illustrated as including a protective outer 
shroud 310 having a plurality of perforations 312 positioned 
around the exterior of the ?lter medium. 

[0059] Fluid discriminator section 304 is con?gured in 
series With sand control screen section 302 such that ?uid 
must pass through sand control screen section 302 prior to 
entering ?uid discriminator section 304. Fluid discriminator 
section 304 includes an outer housing 314 that de?nes an 
annular chamber 316 With a nonperforated section of base 
pipe 318. Fluid discriminator section 304 also includes 
retainer rings 320, 321. Retainer ring 320 has a plurality of 
outlets 322 circumferentially spaced therein designed to 
provide a ?uid passageWay from chamber 316 to ?oW 
restrictor section 306. Disposed Within chamber 316 
betWeen retainer rings 320, 321 and designed to cooperate 
With outlets 322 to restrict the ?oW of any undesired portion 
of the production ?uids that enter ?uid discriminator section 
304 is a plurality of ?oW blocking members 324, depicted as 
spherical members or balls. 

[0060] FloW restrictor section 306 is con?gured in series 
With ?uid discriminator section 304 such that ?uid must pass 
through ?uid discriminator section 304 prior to entering ?oW 
restrictor section 306. FloW restrictor section 306 includes 
an outer housing 326 that is suitably coupled to outer 
housing 314 of ?uid discriminator section 304. Outer hous 
ing 326 de?nes an annular chamber 328 With a nonperfo 
rated section of base pipe 318. Disposed Within chamber 328 
is an annular ?oW rate controller 330. Flow rate controller 
330 includes one or more helical passageWays 332 that 
provide a relative long pathWay for the ?uids to travel Within 
?oW restrictor section 306 and that provide a more restric 
tive pathWay than the unrestricted pathWay through ?uid 
discriminator section 304 in a manner similar to that 
described above With reference to ?oW restrictor section 106 
and ?uid discriminator section 104. As such, ?oW restrictor 
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section 306 is operable to restrict the ?oW rate of the 
production ?uids through ?uid ?oW control device 300. 

[0061] Once the production ?uids pass through ?oW rate 
controller 330 of ?oW restrictor section 306, they enter 
annular chamber 334 and eventually enter the interior of 
base pipe 318 via openings 336 Which are depicted in the 
form of slots. Once inside base pipe 318, the production 
?uids ?oW to the surface Within the tubing string. 

[0062] Unlike the previous embodiments, ?uid ?oW con 
trol device 300 of FIG. 4, is speci?cally designed for 
operation in three phase ?oW. As illustrated, one group of 
members 324 is separated from another group of members 
324 by a pair of spacers 338. Spacers 338 each have a ?oW 
path therethrough that provides for ?uid communication 
from chamber 316 to outlets 322. The system of members 
324 and spacers 338 are relatively tightly received betWeen 
retainer rings 320, 321 simulating the action of ball bearings 
in a race. In the illustrated embodiment, the system of 
members 324 and spacers 338 is self orienting based upon 
the ?oW regime Within ?uid ?oW control device 300, gravity 
or both. For example, each of the members 324 above 
spacers 338 may have a density less than that of oil While the 
members 324 beloW spacers 338 may have a density greater 
than that of oil. Alternatively or additionally, certain of the 
members 324 beloW spacers 338 may have a substantially 
greater Weight than any of the other members 324 such that 
in a horiZontal implementation, the self orientation results in 
the con?guration depicted in FIG. 4B. 
[0063] In either embodiment, members 324 are designed 
to cooperate With outlets 322 to block or at least restrict the 
production of the undesired ?uid streams of Water and gas in 
an oil production operation. Speci?cally, the members 324 
above spacers 338 are intended to block or at least restrict 
the production of gas While the members 324 beloW spacers 
338 are intended to block or at least restrict the production 
of Water. 

[0064] Referring next to FIGS. 5A-5B, therein is depicted 
a ?uid ?oW control device according to the present invention 
that is representatively illustrated and generally designated 
400. Fluid ?oW control device 400 may be suitably coupled 
to other similar ?uid ?oW control devices, production pack 
ers, production tubulars or other doWnhole tools to form a 
tubing string as described above. Fluid ?oW control device 
400 includes a sand control screen section 402, a ?uid 
discriminator section 404, a ?oW restrictor section 406 and 
a ?uid inlet section 408. Sand control screen section 402 
includes a suitable sand control screen element or ?lter 
medium and is illustrated as including a protective outer 
shroud 410 having a plurality of perforations 412 positioned 
around the exterior of the ?lter medium. 

[0065] Fluid discriminator section 404 is con?gured in 
series With sand control screen section 402 such that ?uid 
must pass through sand control screen section 402 prior to 
entering ?uid discriminator section 404. Fluid discriminator 
section 404 includes an outer housing 414 that de?nes an 
annular chamber 416 With a nonperforated section of base 
pipe 418. Fluid discriminator section 404 also includes 
retainer rings 420, 421. Retainer ring 420 has a plurality of 
outlets 422 circumferentially spaced therein designed to 
provide a ?uid passageWay from chamber 416 to ?oW 
restrictor section 406. Disposed Within chamber 416 
betWeen retainer rings 420, 421 and designed to cooperate 
With outlets 422 to restrict the ?oW of any undesired portion 
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of the production ?uids that enter ?uid discriminator section 
404 is a plurality of ?oW blocking members 424, depicted as 
cylindrical members. 
[0066] FloW restrictor section 406 is con?gured in series 
With ?uid discriminator section 404 such that ?uid must pass 
through ?uid discriminator section 404 prior to entering ?oW 
restrictor section 406. FloW restrictor section 406 includes 
an outer housing 426 that is suitably coupled to outer 
housing 414 of ?uid discriminator section 404. Outer hous 
ing 426 de?nes an annular chamber 428 With a nonperfo 
rated section of base pipe 418. Disposed Within chamber 428 
is an annular ?oW rate controller 430. Flow rate controller 
430 includes one or more helical passageWays 432 that 
provide a relative long pathWay for the ?uids to travel Within 
?oW restrictor section 406 and that provide a more restric 
tive pathWay than the unrestricted pathWay through ?uid 
discriminator section 404 in a manner similar to that 
described above With reference to ?oW restrictor section 106 
and ?uid discriminator section 104. As such, ?oW restrictor 
section 406 is operable to restrict the ?oW rate of the 
production ?uids through ?uid ?oW control device 400. 
[0067] Once the production ?uids pass through ?oW rate 
controller 430 of ?oW restrictor section 406, they enter 
annular chamber 434 and eventually enter the interior of 
base pipe 418 via openings 436 Which are depicted in the 
form of slots. Once inside base pipe 418, the production 
?uids ?oW to the surface Within the tubing string. 
[0068] Like ?uid ?oW control device 300 of FIG. 4, ?uid 
?oW control device 400 is speci?cally designed for opera 
tion in three phase ?oW. As illustrated, one group of mem 
bers 424 is separated from another group of members 424 by 
a pair of spacers 438. Spacers 438 each have a ?oW path 
therethrough that provides for ?uid communication from 
chamber 416 to outlets 422. The system of members 424 and 
spacers 438 are relatively tightly received betWeen retainer 
rings 420, 421 simulating the action of roller bearings in a 
race. In the illustrated embodiment, the system of members 
424 and spacers 438 is self orienting based upon the ?oW 
regime Within ?uid ?oW control device 400, gravity or both. 
For example, each of the members 424 above spacers 438 
may have a density less than that of oil While the members 
424 beloW spacers 438 may have a density greater than that 
of oil. Alternatively or additionally, certain of the members 
424 beloW spacers 438 may have a substantially greater 
Weight than any of the other members 424 such that in a 
horizontal implementation the self orientation results in the 
con?guration depicted in FIG. 5B. 
[0069] In either embodiment, members 424 are designed 
to cooperate With outlets 422 to block or at least restrict the 
production of the undesired ?uid streams of Water and gas in 
an oil production operation. Speci?cally, the members 424 
above spacers 438 are intended to block or at least restrict 
the production of gas While the members 424 beloW spacers 
438 are intended to block or at least restrict the production 
of Water. 

[0070] Referring next to FIGS. 6A-6B, therein is depicted 
a ?uid ?oW control device according to the present invention 
that is representatively illustrated and generally designated 
500. Fluid ?oW control device 500 may be suitably coupled 
to other similar ?uid ?oW control devices, production pack 
ers, production tubulars or other doWnhole tools to form a 
tubing string as described above. Fluid ?oW control device 
500 includes a sand control screen section 502, a ?uid 
discriminator section 504, a ?oW restrictor section 506 and 
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a ?uid inlet section 508. Sand control screen section 502 
includes a suitable sand control screen element or ?lter 

medium and is illustrated as including a protective outer 
shroud 510 having a plurality of perforations 512 positioned 
around the exterior of the ?lter medium. 

[0071] Fluid discriminator section 504 is con?gured in 
series With sand control screen section 502 such that ?uid 
must pass through sand control screen section 502 prior to 
entering ?uid discriminator section 504. Fluid discriminator 
section 504 includes an outer housing 514 that de?nes an 
annular chamber 516 With a nonperforated section of base 
pipe 518. Fluid discriminator section 504 also includes 
retainer rings 520, 521. Retainer ring 520 has a plurality of 
outlets 522 circumferentially spaced therein designed to 
provide a ?uid passageWay from chamber 516 to ?oW 
restrictor section 506. Disposed Within chamber 516 
betWeen retainer rings 520, 521 and designed to cooperate 
With outlets 522 to restrict the ?oW of any undesired portion 
of the production ?uids that enter ?uid discriminator section 
504 is a plurality of ?oW blocking members 524, depicted as 
partially circumferential members. 
[0072] FloW restrictor section 506 is con?gured in series 
With ?uid discriminator section 504 such that ?uid must pass 
through ?uid discriminator section 504 prior to entering ?oW 
restrictor section 506. FloW restrictor section 506 includes 
an outer housing 526 that is suitably coupled to outer 
housing 514 of ?uid discriminator section 504. Outer hous 
ing 526 de?nes an annular chamber 528 With a nonperfo 
rated section of base pipe 518. Disposed Within chamber 528 
is an annular ?oW rate controller 530. FloW rate controller 
530 includes one or more helical passageWays 532 that 
provide a relative long pathWay for the ?uids to travel Within 
?oW restrictor section 506 and that provide a more restric 
tive pathWay than the unrestricted pathWay through ?uid 
discriminator section 504 in a manner similar to that 
described above With reference to ?oW restrictor section 106 
and ?uid discriminator section 104. As such, ?oW restrictor 
section 506 is operable to restrict the ?oW rate of the 
production ?uids through ?uid ?oW control device 500. 
[0073] Once the production ?uids pass through ?oW rate 
controller 530 of ?oW restrictor section 506, they enter 
annular chamber 534 and eventually enter the interior of 
base pipe 518 via openings 536 Which are depicted in the 
form of slots. Once inside base pipe 518, the production 
?uids ?oW to the surface Within the tubing string. 
[0074] Like ?uid ?oW control device 300 of FIG. 4, ?uid 
?oW control device 500 is speci?cally designed for opera 
tion in three phase ?oW. As illustrated, a single upper 
member 524 is separated from three loWer members 524 by 
a pair of spacers 538. Spacers 538 each have a ?oW path 
therethrough that provides for ?uid communication from 
chamber 516 to outlets 522. The system of members 524 and 
spacers 538 are relatively tightly received betWeen retainer 
rings 520, 521 and are alloWed to rotation circumferentially 
therein. In the illustrated embodiment, the system of mem 
bers 524 and spacers 538 is self orienting based upon the 
?oW regime Within ?uid ?oW control device 500, gravity or 
both. For example, the upper member 524 above spacer 538 
may have a density less than that of oil While the loWer 
members 524 beloW spacers 438 may have a density greater 
than that of oil. Alternatively or additionally, certain of the 
members 524 beloW spacers 538 may have a substantially 
greater Weight than any of the other members 524 such that 
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in a horizontal implementation the self orientation results in 
the con?guration depicted in FIG. 6B. 
[0075] In either embodiment, members 524 are designed 
to cooperate With outlets 522 to block or at least restrict the 
production of the undesired ?uid streams of Water and gas in 
an oil production operation. Speci?cally, the upper member 
524 above spacers 538 is intended to block or at least restrict 
the production of gas While the loWer members 524 beloW 
spacers 538 are intended to block or at least restrict the 
production of Water. 
[0076] It may noW be fully appreciated that ?uid ?oW 
control devices of the present invention may have various 
con?gurations described above and are capable of achieving 
a variety of desirable bene?ts in different situations. For 
example, When it is desired to limit the production of Water 
from a gas Well, the con?guration of FIGS. 2B and 3B may 
be used With the members each having a density approxi 
mately equal to, or less than that of Water. In this manner, the 
members Will either have neutral buoyancy in the Water, or 
Will ?oat on top of the Water, such that the members Will be 
carried by the Water to the outlets to thereby increasingly 
restrict or prevent ?oW of the Water therethrough. 
[0077] As another example, When it is desired to limit the 
production of gas from an oil Well, the con?guration of 
FIGS. 2B and 3B may again be used With the members each 
having a density less than that of oil. In this manner, the 
members Will ?oat on top of the oil, or remain at the top of 
the chamber and aWay from the outlets until a su?icient 
proportion of gas is produced. If such a su?icient proportion 
of gas is produced, the members Will descend Within the 
chamber and close off or at least increasingly restrict ?oW 
through the outlets to thereby restrict or prevent ?oW of the 
gas therethrough. 
[0078] Note that the case of restricting production of gas 
from an oil Well is quite different from the case of restricting 
production of Water from a gas Well. When restricting the 
production of gas from an oil Well, the members are pref 
erably not neutrally buoyant in the liquid phase, otherWise 
the members Would be carried With the ?oW of the liquid to 
the outlets. When restricting the production of Water from a 
gas Well, the members may be neutrally buoyant in the liquid 
phase, since it is desired for the members to be carried With 
the ?oW of the liquid to the outlets to restrict the ?oW of the 
liquid therethrough. 
[0079] As yet another example, When it is desired to limit 
the production of gas and Water from an oil Well, the 
con?gurations ofFIGS. 2D, 3B, 4B, 5B and 6B may be used, 
With certain members having a density less than that of oil, 
and certain members having a density greater than that of 
oil. In this manner, certain members Will ?oat on top of the 
oil, or be oriented to the top of the chamber and aWay from 
the outlets until a su?icient proportion of gas is produced to 
alloW the members to close off or at least increasingly 
restrict ?oW through the upper outlets to thereby restrict or 
prevent ?oW of the gas therethrough. Also, in this manner, 
certain members Will remain toWard the bottom of the 
chamber and aWay from the outlets until a su?icient pro 
portion of Water is produced to alloW the members to close 
off or at least increasingly restrict ?oW through the loWer 
outlets to thereby restrict or prevent ?oW of the Water 
therethrough. 
[0080] While this invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
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?cations and combinations of the illustrative embodiments 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. It is, therefore, intended that the appended 
claims encompass any such modi?cations or embodiments. 
What is claimed is: 
1. A ?oW control apparatus for controlling the in?oW of 

production ?uids from a subterranean Well, the ?oW control 
apparatus comprising: 

a ?uid discriminator section; 
a ?oW restrictor section con?gured in series With the ?uid 

discriminator section such that ?uid must pass through 
the ?uid discriminator section prior to passing through 
the ?oW restrictor section; 

Wherein the ?uid discriminator section is operable to 
autonomously restrict at least a portion of an undesired 
?uid type from the production ?uids; and 

Wherein the ?oW restrictor section is operable to restrict 
the ?oW rate of the production ?uids. 

2. The ?oW control apparatus as recited in claim 1 Wherein 
the ?uid discriminator section includes a substantially cir 
cumferential chamber having a plurality of circumferentially 
distributed outlets and a plurality of blocking members 
disposed Within the substantially circumferential chamber. 

3. The ?oW control apparatus as recited in claim 2 Wherein 
at least a portion of the blocking members have a density 
greater than that of oil. 

4. The ?oW control apparatus as recited in claim 2 Wherein 
at least a portion of the blocking members have a density 
less than that of oil. 

5. The ?oW control apparatus as recited in claim 2 Wherein 
a ?rst portion of the blocking members have a density 
greater than that of oil and Wherein a second portion of the 
blocking members have a density less than that of oil. 

6. The ?oW control apparatus as recited in claim 2 Wherein 
a ?rst portion of the blocking members have a Weight that is 
greater than that of a second portion of the blocking mem 
bers. 

7. The ?oW control apparatus as recited in claim 2 further 
comprising spacer members disposed betWeen at least some 
of the blocking members. 

8. The ?oW control apparatus as recited in claim 2 Wherein 
the blocking members are one of spherically shaped, cylin 
drically shaped and partially circumferentially shaped. 

9. The ?oW control apparatus as recited in claim 1 Wherein 
the ?oW restrictor section further comprises a passageWay. 

10. The ?oW control apparatus as recited in claim 9 
Wherein the passageWay has an effective ?oW area less than 
about tWenty ?ve percent of an unrestricted e?fective ?oW 
area of the ?uid discriminator section. 

11. The ?oW control apparatus as recited in claim 9 
Wherein the passageWay has an effective ?oW area less than 
about ten percent of an unrestricted e?fective ?oW area of the 
?uid discriminator section. 

12. The ?oW control apparatus as recited in claim 9 
Wherein the passageWay further comprises a helical passage 
Way. 

13. The ?oW control apparatus as recited in claim 9 
Wherein the passageWay further comprises a plurality of 
helical passageWays. 

14. A ?oW control apparatus for controlling the in?oW of 
production ?uids from a subterranean Well, the ?oW control 
apparatus comprising: 

a sand control screen element; 
a ?uid discriminator section con?gured in series With the 

sand control screen element such that ?uid must pass 
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through the sand control screen element prior to pass 
ing through the ?uid discriminator section; 

a ?oW restrictor section con?gured in series With the ?uid 
discriminator section such that ?uid must pass through 
the ?uid discriminator section prior to passing through 
the ?oW restrictor section; 

Wherein the ?uid discriminator section is operable to 
autonomously restrict at least a portion of an undesired 
?uid type from the production ?uids; and 

Wherein the ?oW restrictor section is operable to restrict 
the ?oW rate of the production ?uids. 

15. The ?oW control apparatus as recited in claim 14 
Wherein the ?uid discriminator section includes a substan 
tially circumferential chamber having a plurality of circum 
ferentially distributed outlets and a plurality of blocking 
members disposed Within the substantially circumferential 
chamber that cooperate With the outlets to autonomously 
restrict the at least a portion of the undesired ?uid type from 
the production ?uids. 

16. The ?oW control apparatus as recited in claim 14 
Wherein a ?rst portion of the blocking members have a 
density greater than that of oil and Wherein a second portion 
of the blocking members have a density less than that of oil. 

17. The ?oW control apparatus as recited in claim 14 
Wherein the ?oW restrictor section further comprises a 
passageWay having an effective ?oW area less than tWenty 
?ve about percent of an unrestricted e?‘ective ?oW area of 
the ?uid discriminator section. 
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18. The ?oW control apparatus as recited in claim 14 
Wherein the ?oW restrictor section further comprises a 
helical passageWay. 

19. A ?oW control apparatus for controlling the in?oW of 
production ?uids from a subterranean Well, the ?oW control 
apparatus comprising: 

a ?uid discriminator section; 
a ?oW restrictor section con?gured in series With the ?uid 

discriminator section such that ?uid must pass through 
the ?uid discriminator section prior to passing through 
the ?oW restrictor section; 

Wherein the ?uid discriminator section includes a sub 
stantially circumferential chamber having a plurality of 
circumferentially distributed outlets and a plurality of 
blocking members disposed Within the substantially 
circumferential chamber that cooperate With the outlets 
to autonomously restrict at least a portion of an undes 
ired ?uid type from the production ?uids; and 

Wherein the ?oW restrictor section includes a helical 
passageWay having an effective ?oW area less than 
tWenty ?ve about percent of an unrestricted e?‘ective 
?oW area of the ?uid discriminator section such that the 
?oW restrictor section is operable to restrict the ?oW 
rate of the production ?uids. 

20. The ?oW control apparatus as recited in claim 19 
Wherein a ?rst portion of the blocking members have a 
density greater than that of oil and Wherein a second portion 
of the blocking members have a density less than that of oil. 


