5 | NFLOW CONTROL DEVI CES FOR SAND CONTROL SCREENS 10 The present invention
rel ates generally to equipnent wutilized and operations perfornmed in
conjunction with subterranean wells and, in an enbodi nent descri bed herein,
nore particularly provides inflow control devices for sand control screens.
15 Certain well installations benefit fromhaving a flow restriction device
in a well screen. For exanple, such flowrestriction devices have been
useful in preventing water coning, balancing production fromlong horizontal
intervals, etc. These flow restriction devices are 20 sonetines referred to
as "inflow control devices." Unfortunately, typical inflow control devices
rely on very snmall passages in orifices or nozzles to restrict flow, and
typi cal inflow control devices cannot be conveniently adjusted at a jobsite,
or are at least 25 difficult to adjust. Small orifice passages are easily -
1 plugged, and the | arge pressure drop across an orifice tends to erode the
passage rel atively quickly. Therefore, it nmay be seen that inprovenents are
needed in the art of well screens having inflow control devices. 5 It is
anong the objects of the present invention to provide such inprovenents. In
carrying out the principles of the present invention, a well screen and
associ ated i nfl ow contr ol

INFLOW CONTROL DEVICES FOR SAND CONTROL SCREENS

10 The present invention relates generally to equipment
utilized and operations performed in conjunction with
subterranean wells and, in an embodiment described herein,
more particularly provides inflow control devices for sand

control screens.

15 Certain well installations benefit from having a flow
restriction device in a well screen. For example, such
flow restriction devices have been useful in preventing
water coning, balancing production from long horizontal
intervals, etc. These flow restriction devices are

20 sometimes referred to as "inflow control devices.”

Unfortunately, typical inflow control devices rely on
very small passages in orifices or nozzles to restrict
flow, and typical inflow control devices cannct be
conveniently adjusted at a jobsite, or are at least

25 difficult to adjust. Small orifice passages are easily



device are provided which solve at |east one problemin the 10 art. One
exanpl e is described below in which the inflow control device includes a
flowrestrictor which is conveniently accessible just prior to installing
the screen. Another exanple is described belowin which nmultiple flow
restrictors are configured and positioned to 15 provi de enhanced fl ow
restriction. In one aspect of the invention, an inflow control device is
provided for restricting flowinto a passage of a tubular string in a
wel | bore. The inflow control device includes at |east one flow restrictor
configured spludyati, 28nd |tied L&t gavpricetweemirbheapassage andfitdee | ow

restrictor. tél;}hd% flLow Orae(_:.sttgii ct or i rgcl u a&ﬂ@%gl east .one tube which forces the

fluid to change m%ﬁe% Um wi thi i 1396 tU ?thbceklﬁéy ext end

circunferential | YEREP?P&@ ?@?rﬁ%@epge&ﬁ _tgﬁ th%Eone%%HBsTﬁee .tnggﬁe y extend

both 25 | ongi t udi y ad“ci rcunterenti y about  a base pi of a well
screen. | dealtythet hettebeefldr seednisehdvingd inblé¥ cwntept ciedigeentially within

the tube tel atine S€pPL F 2 I 2en. . T j ce may
i ncl ude rr%l t?‘f’olles fafngrvl\? ér)rgest r?c(?%r so %%ﬁe%eﬁgc#%%nct?ﬁg 9 g)\?voggés%ri ctors
i ncludes a swude impreverfamrtées the fluid to change nomentumwithin the tube.
|deally, the fluid nust change direction to flow 5 between the tubes of the

flow restrictors.Ir aaerotigepubsPecProncities afethd eresanvel | screen is
provided. The, yeldl; o5Cr £6211NELHASS aRaf 44461 aPO8 A Aol ro1

device are provided which solve at least one problem in the
10 art. One example is described below in which the inflow
contrel device includes a flow restrictor which is
conveniently accessible just prior to installing the
screen. Another example is described below in which
multiple flow restrictors are configured and positioned to

15 provide enhanced flow restriction.

In one aspect of the invention, an inflow control
device is provided for restricting flow into a passage of a
tubular string in a wellbore. The inflow control device
includes at least one flow restrictor configured so that
20 fluid flows between the passage and the flow restrictor.
The flow restrictor includes at least one tube which forces

the fluid to change momentum within the tube.

The tube may extend circumferentially about a base
pipe of a well screen. The tube may extend both
25 longitudinally and circumferentially about a base pipe of a
well screen. Ideally, the tube forces the fluid to flow

circumferentially within the tube relative to a base pipe



| east one flow restrictor configured so that fluid which flows through the
filter portion also flows through the 10 flow r restrictor. The flow restrictor
i ncludes at |east one tube which forces the fluid to change nmonmentum wi thin
the tube. The tube may be forned so that it alternates direction or extends
circunferentially relative to a base pipe, to 15 thereby force the fluid to
change nonentumw thin the tube. The tube could, for exanple, change

| ongi tudi nal direction or extend helically between its ends. The tube may
extend circunferentially about a base pipe of the well screen. Furthernore,
the tube mayoéxéerxll 20rbath [Thagdé¢widienaky yiraiddei mclimifpdeeiowal | y about a
base pi pe of A hgrm(%a\rﬁlolrsscvrﬂtlaernéinl dgcl I A tE-.Qef tol'vlvb%ef H:Cecsortshtlené# uydto flow

ci rcunferenti‘al y1 i n"the Tube~t e atlve]to a°pase pi'pe of'THe wel |
screen. The weklbsohdeh fregcdsntchadeluinukti glangkl nemerestw wetinirs,theher ei n each
of the flow 25, restrjctors j.ncludes a tu ich forces.the fluid to change
nonment um w tﬁciuﬁet hefc{eﬁggy’ Itdiéaalfﬁg}ét%uesttf ﬁ?%gérr%éfegt-l? tghgln%we direction to
fl ow bet wéen behee¢rubire ofibéheff kbw frestesttiontersThese and ot her features,
advant ages, benefits and objects of the present invention will becone
apparent to 5 onelmfangotdénarspeski ¢t the theentrittnuparweldr skukerarssi derati on  of

the detail ed deseadpt | 9Rcof rieREEIENALh YR, LD PEP! S rQbnt Dy laRvent i on
her ei nbel ow an e acconpanyi ng draw ngs,
least one flow restrictor configured so that fluid which
flows through the filter portion also flows through the
10 flow restrictor. The flow restrictor includes at least one
tube which forces the fluid to change momentum within the

tube.

The tube may be formed so that it alternates direction

or extends circumferentially relative to a base pipe, to
15 thereby force the fluid to change momentum within the tube.
The tube could, for example, change longitudinal direction

or extend helically between its ends.

The .tube may extend circumferentially about a base
pipe of the well screen. Furthermore, the tube may extend
20 both longitudinally and circumferentially about a base pipe
of the well screen. Ideally, the tube forces the fluid to
flow circumferentially within the tube relative to a base
pipe of the well screen. The well screen may include
multiple flow restrictors, wherein each of the flow
25 restrictors includes a tube which forces the fluid to

change momentum within the tube. Ideally, the fluid must



in which simlar elenents are indicated in the various figures using the
sane reference nunbers. 10 Enbodi nents of the present invention wll now be
described with reference to the acconpanying drawings, in which: FIG 1 is a
schematic partially cross-sectional view of a well system enbodying
principles of the present 15 invention; FIG 2 is an enlarged scale
cross-sectional viewof a well screen which may be used in the system of
FIG 1, the well screen including an inflow control device enbodying
principles of the present invention, 20 FIG 3 is a further enlarged scale
cross-sect i ofangeydége@iion £prSiovalPeEYeri dheohshaueti e oflovhe i nfl ow
control deviggstFkGr4 is a cross-sectional view of the inflow control
device, taken along line 4-4 of FIG 3; 25 FIG 5 is a cross-sectional view

of a second altermpate afPREhEHCEdANOE, tRRahDEIOW GRALEDIs demice; - 4 FIG 6
is a cross-sectional viewof a third alternate construction of the inflow

control devi @@ieqtecrt 7thes PEegps SrYEREIFh AL LY | REF B aPPRTRthtEl t er nat e

constructionod dfheridfd Qwsgont 1ol tdeviseupdnFtdzeBili Sofs fd29%18€Ct i onal view
of afifth alternate construction of the inflow control device; FIG 9 is a

cross- sect i oI thA 8fF 8 TheePRFIRIMOEofit ripresentative embodiments

of the invention hereinbelow and the accompanying drawings,
in which similar elements are indicated in the wvarious

figures using the same reference numbers.

10 Embodiments of the present inventicn will now be
described with reference to the accompanying drawings, in

which:

FIG. 1 is a schematic partially cross-sectional view
of a well system embodying principles of the present

15 invention;

FIG. 2 is an enlarged scale cross-sectional view of a
well screen which may be used in the system of FIG. 1, the
well screen including an inflow control device embodying

principles of the present invention;

20 FIG. 3 is a further enlarged scale cross-sectional
view of a first alternate construction of the inflow

control device;

FIG. 4 1s a cross-sectional view df the inflow control

device, taken along line 4-4 cf FIG. 3;

25 FIG. 5 is a cross=-sectional view of a second alternate

construction of the inflow control device;



device, taken along line 9-9 of FIG 8; FIG 10 is a cross-sectional view of
a sixth alternate 10 construction of the inflow control device, with the
inflow control device being accessed; FIG 11 is a cross-sectional view of
the sixth alternate construction of the inflow control device, with the
inflow control device being fully installed; 15 FIG 12 is a cross-sectional
view of a seventh alternate construction of the inflow control device; FIG
13 is a cross-sectional view of an eighth alternate construction of the
inflow control device; FIG 14 is a cross-sectional view of a ninth alternate
20 constructi on ofIG.hé iLiafd cwossneediiogevi ¢ievw PIEG diBinds ajtermds secti onal

view of a tenthg f@&é%l%ﬂtgf-ﬁﬂﬁﬁ%%yfﬁ!é%ﬁt?&l%ﬂ%lc@f'0“’Contr°| device, FIG 16
na

is an elevatio VI ew o t ent 'ow control device construction; - 5
FIG 17 is a Crosmseqtaenélcfes@wsgéu%a@l@y&nw 2 3hERabe cafialr uct i on of
the inflow control device; and 18 is an elevatlona vi ew of the el eventh

inflow cont ﬂ@hsﬁémté@ncéﬁs@‘r%épﬁbﬁw ®neeol sdqvdcgé under st ood that the
vari ous enbodi ments of the present invention described herein nay be
utilized i°n vari bl &r tent AR5 SeSHiGR2AsVigttotnadii ittty et tesnatenori zont al |

vertical, etGonsafghdiRnVafi Qs i6@Dhh HondtbONFovicw;t hout departing fromthe
principles of the present

FIG. 9 is a cross-sectional view of the inflow control

device, taken along line 9-9 of FIG. 8;

FIG. 10 is a cross-sectional view of a sixth alternate
10 construction of the inflow control device, with the inflow

control device being accessed;

FIG. 11 is a cross-sectional view of the sixth
alternate construction of the inflow control device, with

the inflow control device being fully installed:

15 FIG. 12 is a cross-sectional view of a seventh

alternate construction of the inflow control device;

FIG. 13 is a cross-sectiocnal view of an eighth

alternate construction of the inflow control device;

FIG. 14 is a cross-sectional view of a ninth alternate

20 construction of the inflow contreol device;

FIG. 15 is a cross-sectional view of a tenth alternate

construction of the inflow control device;

FIG. 16 is an elevational view of the tenth inflow

contrcl device construction:



10 invention. The enbodi nents are described nerely as exanples of useful
applications of the principles of the invention, which is not limted to any
specific details of these enbodinents. In the follow ng description of the
representative 15 enbodinents of the invention, directional terns, such as

"above", "below', "upper", "lower", etc., are used for convenience in
referring to the acconpanying drawings. In general, "above", "upper"
"upward" and simlar terns refer to a direction toward the earth's surface
along a well bore, 20 and "bel ow', "lower"”, "downward" and simlar terns refer

to a direction aned. fl7ofs thereastectisual ackewabéngn tdievem/eﬂll bore.

Repr esent ati vabk ALIASLLELUNAFLE ok LacBuell 5y ch enbodi es

principl es of° resen i'mven ctlonC{ubl ng string 12 |s

installed in a V‘Fid Dag 1& rP%l@vX‘FiénalW?e&%‘ gg Séféw)%%tf@ A{ﬂwdes -

multiple well screens positioned 1 n an uncas gener al rizont aI
portion of tlentedl biﬂvecg4cor@terugtl¢mre of the well screens 16 may be
positioned in an isolated portion of the wellbore 14, for exanple, 5 between
packers 18® set inltHe wel Ppoireershoediditeitonhe garians egupedinenys afany of the

vel | screens (16 ?9&@&tb§nv99§lotn' ABELAdkBnb A, nGONDE HQYSBQTYd on Of the
wel | bore 14, w thout packers isolating the wellbdore between the screens.
various orlentatlons, such as inclined, inverted,

horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present

10 invention. The embodiments are described merely as
examples of useful applications of the principles of the
invention, which is not limited to any specific details of

these embodiments.

In the following description of the representative
15 embodiments of the invention, directional terms, such as
“above”, “below”, “upper”, “lower”, etc., are used for
convenience in referring to the accompanying drawings. In
general, “above”, “upper”, “upward” and similar terms refer
to a direction toward the earth’s surface along a wellbore,
20 and “below”, “lower”, "“downward” and similar terms refer to
a direction away from the earth’s surface along the

wellbore.

Representatively illustrated in FIG. 1 is a well
system 10 which embodies principles of the present
25 invention. A production tubing string 12 is installed in a

wellbore 14 of a well. The tubing string 12 includes



10 Gravel packs could be provided about any or all of the well screens 16,

if desired. A variety of additional well equipnment (such as valves, sensors,
punps, control and actuation devices, etc.) could also be provided in the
well system 10. 15 It should be clearly understood that the well system 10

is nerely representative of one well systemin which the principles of the

i nvention may be beneficially utilized. However, the invention is not
limted in any manner to the details of the well system 10 descri bed herein.
For 20 exanple, the screens 16 could instead be positioned in a cased and
perforated panfliteplo&fuad ivetldaie 16t b@smme@sln Goubfcheepeshntiromned in a

general ly verticgal portion,of | 1 bare, screens could be used in an
i nj ection wel1°T1ZPQ 7ﬁﬂp°fﬁéﬁP|$} 5“% ?ﬁiﬂPFSn etc. 25 Referring

dditi |1 FIG. 2 h ti | vi
of the Scrcen 16 PEe PoPetet APy 1IFRELT o &aﬁ%?% RIS en 16 may be

- 7 wused in Jtmenvvebélas:yeslt ﬁmﬂ.{bn of tle W@y lberaigad lfdaraar)gan@uber wel | system
in keeping with the principlgs ntion. 32 flows inwardly
hrough &t 1Hakeps I Ear E et pnehe PEEROEE" FRenY e pRF 11 on 26 1 s
depicted in Ht@xn&tlxaﬂybemagy nEdehdpwadfl it ey a;as;:oxh)m bet-her types of

fi1Ler materigl, (suh, a5, weolh statet e IrLeri Al o 8, RAGHE, 9" anul or

14, without packers isclating the wellbore between the

SCreemns.

10 Gravel packs could be provided about any or all of the
well screens 16, if desired. A variety of additional well
equipment (such as valves, sensors, pumps, control and
actuation devices, etc.) could alsc be provided in the well

system 10,

15 It should be clearly understood that the well system
10 is merely representative of one well system in which the
principles of the invention may be beneficially utilized.
However, the invention is not limited in any manner to the
details of the well system 10 described herein. For

20 example, the screens 16 could instead be positioned in a
cased and perforated portion of a wellbore, the screens
could be positioned in a generally vertical portion of a
wellbore, the screens could be used in an injection well,

rather than in a production well, etc.

25 Referring additionally now to FIG. 2, an enlarged
scale schematic cross-sectional view of the screen 16 is

representatively illustrated. The well screen 16 may be



enbodi nents. 10 The fluid 32 enters an annul ar space 28 between the filter
portion 26 and a tubul ar base pipe 90 of the screen 14. The fluid 32 then
passes through an inflow control device 34, and into a fl ow passage 42
extending longitudinally through the screen 16. Wen interconnected 15 in
the tubing string 12 in the well system 10 of FIG 1, the flow passage 42 is
a part of a flow passage extending through the tubing string. Although the
fl ow passage 42 is depicted in FIG 1 and others of the draw ngs as
extending internally through the 20 filter portion 26, it wll be

appreci ated mhaﬂ 1 Hée wohl i gustari bhs car et pugsibl es¢d keepy ngthwict h t he

principles gygegﬁeggl guESrw9%9QBbeprﬁnﬁF359“6 %age coul d be

external to the filter porti in an outer oud screen 16, etc. 25
The inf|OMICGNNﬁ@¢NHEVIce 34 includes one or nore flom1 restrlctors 40 (only
one of which is visible in FIG 2) to restrict inward flow through the
screen 16 (i.e., betlden32-flpwst hawdidlyefhporah enfPbtemdorheord 26w passage

42) . As  depigt eﬁe'&ﬂégﬁ 16, 'The HP&’&HS%EH&F 9% 40 hepiicReling, shape of an
el ongated tube. Al en%le I nner dianeter and other characteristics of the
hB®

tube may be VFied a%o arpfey apyos wige vemrs i Butovtheyr t¥BeF off the fluid 32

through the tubee: fiichaygh dhs LEMAK COMEdlealRytEriald peedescribed herein
as being used to restrict flow of uid fromt
packed granular materlal, etc ) may be used in other

embodiments.

10 The fluid 32 enters an annular space 28 between the
filter portion 26 and a tubular base pipe 90 of the screen
14. The fluid 32 then passes through an inflow control
device 34, and into a flow passage 42 extending
longitudinally through the screen 16. When interconnected

15 in the tubing string 12 in the well system 10 of FIG. 1,
the flow passage 42 is a part of a flow passage extending

through the tubing string.

Although the flow passage 42 is depicted in FIG. 1 and
others of the drawings as extending internally through the
20 filter portion 26, it will be appreciated that other
configurations are possible in keeping with the principles
of the invention. For example, the flow passage could be
external to the filter portion, in an cuter shroud of the

screen 16, etc.

25 The inflow control device 34 includes one or more flow
restrictors 40 (only one of which is visible in FIG. 2) to

restrict inward flow through the screen 16 (i.e., between



filter portion 26 to the flow passage 42, it will be appreciated that other
configurations are possible in 10 keeping with the principles of the
invention. For exanple, if the flow passage is external to the filter
portion 26, then the inflow control device could restrict flow of fluid
fromthe fl ow passage to the filter portion, etc. One advantage to using a
tube for the flowrestrictor 15 40 is that a larger inner dianmeter may be
used to produce a restriction to flow which is equivalent to that produced
by an orifice or nozzle with a smaller dianeter passage. The |[|arger inner
di amet er wi | lthaofildergpast Basi2leyass tthleefmvalplaelsadé a4tt.er Apassage. In

addi tion, the.gxrended Leogth .20 plof he.Luhe cayses, apy LLoslon to be

dlstrlbuted ov I"ar g surface ea. Wever, an ori |ce or nozzle could
be used in pIOdcenoéloaigaub@ fuipe . t hie deruwhreisttrreircthbameﬂtoar iahd @I@arr ed. In a

benef I CI al G%t gggt lflSEhg? SOCfr %%Q g‘@oea%\agelpé q}f%q'F02L5o ereé}r} ! he f ow

restrictor 40 1's accessible via an openi Vard’ wal | 22 of
the infl ow cmm'eroéstrigtidrevticcélsﬂ.Oﬂ\trhlbugluﬂm i32 shoouygh he&l Gibe2 bl ocki ng fl ow
t hrough the opening 20. It will be appreciated that the opening 20 in the end
wal I 22 of the i nildwugbntholinddov ceor@4opr dariides3¢otwalvisentbed access to the

flow restricharedf Af 13:hohRde VAL LBE HEL) (§ORALL] ansmank desi ed

producti on paraneters are nown, the appropriate ow restrictor 40 may be
sel ect ed filter portion 26 to the flow passage 42, it will be

appreciated that other configurations are possible in

10 keeping with the principles of the invention. For example,
if the flow passage is external to the filter portion 26,
then the inflow control device could restrict flow of fluid

from the flow passage to the filter portion, etc.

One advantage to using a tube for the flow restrictor
15 40 is that a larger inner diameter may be used to produce a
restriction to flow which is equivalent to that produced by
an orifice or nozzle with a smaller diameter passage. The
larger inner diameter will not plug as easily as the
smaller diameter passage. In addition,‘the extended length
20 of the tube causes any erosion to be distributed over a
larger surface area. However, an orifice or nozzle could
be used in place of a tube for the flow restrictor 40, if

desired.

In a beneficial feature of the screen 16 as depicted
25 in FIG. 2, the flow restrictor 40 is accessible via an

cpening 20 formed in an end wall 22 of the inflow control



(e.g., having an appropriate inner dianmeter, length and other
characteristics to produce a desired flow  restriction 10 or pressure drop)
and installed in the inflow control device 34 through the opening 20. To
install the flowrestrictor 40 in the inflow control device 34, appropriate
threads, seals, etc. may be provided to secure and seal the flow restrictor.
The plug 15 44 is then installed in the opening 20 using appropriate

threads, seals, etc. Note that any manner of sealing and securing the flow
restrictor 40 and plug 44 may be used in keeping with the principles of the
i nvention. R&$Ece Af- addirdiendd 14F sbA R GOFFEE- R decshtariged 20 scal e
schematic Cresss gcghQQﬁknghng@f an alternate construction of the inflow
control device 3 represéntatively illustrated. The inflow control device

34 as depicted iR Eiﬁ be EBYroStsadehdt tthe ¥eddingcreemh ke @ha it May be
used in other well screens in keeping wwth the 25 principles of the

i nvention. TWaLY #RI 8y %thSFO‘ﬂéRﬂnééo?,@qvﬁEPu%i%s"rﬁlfﬂlfjﬁf)I’é’nf"leﬁﬁxﬁn? estrictors

24, 30 confi gedead kp & if@sw Jodilowr 1 atest{dudi@eS 2#her3@nare in the shape
of elongated tubes, similar to the flowrestrictor 40 descri bed above.

However, in ikl SOBBYT RSt 2BF FHEred, PROICEEEN RUSMEFREDIATE 24, 30 are
posi ti Oned SRndWat th@ea[:fplﬂébglé)’ee sl ebandetdr dig %E(' Bé §é’!e‘é@ebn order to
fl ow between the flow restrictors.
(e.g., having an appropriate inner diameter, length and:
other characteristics to produce a desired flow restriction
10 or pressure drop) and installed in the inflow control

device 34 through the opening 20.

To install the flow restrictor 40 in the inflow
control device 34, appropriate threads, seals, etc. may be
provided to secure and seal the flow restrictor. The plug

15 44 is then installed in the opening 20 using appropriate
threads, seals, etc. Note that any manner of sealing and
securing the flow restrictor 40 and plug 44 may be used in

keeping with the principles of the invention.

Referring additionally now to FIG. 3, an enlarged
20 scale schematic cross-sectional view of an alternate
construction of the inflow control device 34 is
representatively illustrated. The inflow control device 34
as depicted in FIG. 3 may be used in the well screen 16, or
it may be used in other well screens in keeping with the

25 principles of the invention.

The inflow control device 34 includes multiple flow

restrictors 24, 30 configured in series. The flow

- 10 -



Anot her cross-sectional view of the inflow control device 34 is illustrated
in FIG 4. The cross-sectional viewis of a portion of the inflow control
device 34 as if 10 it were "unrolled,” i.e., FIG 4 is a circunferenti al

devel opment of the cross-section. In this view, the manner in which the flow
restrictors 24, 30 are arranged in the device 34 to cause the fluid 32 to
change direction may be clearly seen. The flow 15 restrictors 24, 30 extend
into a central chanber 36. Ends 38, 43 of the flow restrictors 24, 30 extend
in opposite directions, and the flow restrictors overlap laterally, so that
the fluid 32restfiottoad 26 rdverseinlithecshare ofi ekongrted dwhesy bet ween t he

flowrestri Cts%ﬁa@%Fmén #he aeoul togp%%e%%r 5%? éJo"(!"ed 32 flows into the
flowrestrictors 30 wh are insta in abquk Any neans of

seal i ng and dleweyeing 1F1héh¢lemholdé@?mi &foFEG 33, ithet HeowueRhekkE48® may be used.
The flow restyi Cﬁ@ra%e?’?osheﬁnr ekiCho LRl ltﬁ’e‘!"ﬂ hh§9frk&§tdcﬁ§n%é° that a

pressure drop 25 resul ts between the annular Space 28 and the chanber 36.

The pressar e ddrept vt feeee the cafdnnl tr fdpaceetd@eanthe Hdowchanber 36 may be
adj usted by vacyingdhe nunber of the - 11 flow restrictors 30, varying the
i nner dianeter, length and other characteristics of the flowrestrictors,

replacing a certm&h@w@%ssofserceﬁortdlowlé@saﬁ k@b Of S Mt RoRE OGS, replaci ng
some or all of the flowrestrictors with orifices 5 or nozzles, not

|nstaII|ng Séﬁ%l%ﬁ }ﬂ pso;l%qﬁgrppgqlln FIG. 4. The cross-sectiocnal

view is of a portion of the inflow control device 34 as if
10 it were “unrolled,” i.e., FIG. 4 is a circumferential

development of the cross-section.

In this view, the manner in which the flow restrictors
24, 30 are arranged in the device 34 to cause the fluid 32
to change direction may be clearly seen. The flow
15 restrictors 24, 30 extend into a central chamber 36. Ends
38, 43 of the flow restrictors 24, 30 extend in opposite
directions, and the flow restrictors overlap laterally, so
that the fluid 32 is forced to reverse direction twice in

flowing between the flow restrictors.

20 From the annular space 28, the fluid 32 flows into the -
flow restrictors 30 which are installed in a bulkhead 46.
Any means of sealing and securing the flow restrictors 30
in the bulkhead 46 may be used. The flow restrictors 30
restrict the flow of the fluid 32, so that a pressure drop

25 results between the annular space 28 and the chamber 36.

The pressure drop between the annular space 28 and the

chamber 36 may be adjusted by varying the number of the

- 11 -



restrictors (i.e., thereby leaving a relatively large opening in the

bul khead 46), etc. Although four of the flowrestrictors 30 are depicted in
FIG 4, any approp,ate nunber nmay be used in practice. 10 The fl ow
restrictors 24, 30 may be conveniently accessed and installed or renoved by
removi ng an outer= housing 48 of the device 34 (see FIG 3). A snap ring or
ot her securenent 50 nmay be used to provide convenient renoval and
installation of the outer housing 48, thereby 15 allow ng the fl ow
restrictors 24, 30 to be accessed at a jobsite. Aternatively, openings and
plugs (such d8ovheestgpeneny 20 #nty plaughasiniescri et above)dtforind be provi ded

in the end wal} 2200 ACLFASKS L0t Nene leQU rﬁee%tcraewfss %%pla%g'!g 20 Aiter the

fluid 32 flows out of the ends 43 of the w restri‘ctors the fluid
enters the clfarbein Iembe g picdhehflendesl88icUIsovithepfidsw restrictors 24, 30

overlap, the febk'%gnﬁ sbile O G4 LP {ﬁv?ﬁéﬁ Hésrt?‘c%{c?& t\)’;‘x‘tﬁeorflﬁ Qe entering

the ends 38 of "t ow restrictors 24. 25 These abrupt changes 1 n direction
cause tur@ul@ﬁceoz#iQ§hen0¢Iknﬁteﬁlt¢ﬁaﬂdm@|@r3ﬁianﬁ thsfllewin a further

pressure droposbelaRan (he, Il aer sy nshors L4130,y sapessure drop is -

12 uniquely ac |eve mnthou t he use of shm passages m ght becone
pl ugged or ercpdetndvidr thenpulkhgaghebif,| gd- 3AUthowsh thraugh the fl ow

restrictors 24,, Adiiil:06ts PIPISH SeficRBal HPWILS: 4 Sarfl SpYSSSGaR0Ve, the

number may be used in practice.

10 The flow restrictors 24, 30 may be conveniently
accessed and installed or removed by removing an ocuter:
housing 48 of the device 34 (see FIG. 3). A snap ring or
other securement 50 may be used to provide convenient
removal and installation of the outer housing 48, thereby

15 allowing the flow restrictors 24, 30 to be accessed at a
jobsite. Alternatively, openings and plugs (such as the
opening 20 and plug 44 described above) could be provided
in the end wall 22 for access to the flow restrictors 24,

30.

20 After the fluid 32 flows out of the ends 43 of the
flow restrictors 30, the fluid enters the chamber 36.
Since the ends 38, 43 of the flow restrictors 24, 30
overlap, the fluid 32 is forced to reverse direction twice
before entering the ends 38 of the flow restrictors 24.

25 These abrupt changes in direction cause turbulence in the
flow of the fluid 32 and result in a further pressure drop

between the flow restrictors 24, 30. This pressure drop is
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5 restriction to flow through the flow restrictors 24 may be altered by
varying the length, inner dianeter, and other characteristics of the flow
restrictors. Due to this flowrestriction, a pressure drop is experienced
bet ween the chanber 36 and anot her chamber .52 10 on an opposite side of a
bul khead 54 in which the flow restrictors 24 are installed. Any nmethod may be
used to seal and secure the flow restrictors 24 in the bul khead 54, such as
threads and seals, etc. Wien the fluid 32 enters the chanber, another change
15 in direction is required for the fluid to flow toward openings 56 which
provi de fl ui cinéQuanmiacatieved battheen thHee use hafrisenlb2paruhgehewhicw passage 42.

After flow ng.t ugh_the openings 56, a furt.her change in direction is
required fog411 Eéorfel’%lﬂmcel §guq<%df 5V\?‘Echd?egu8he]i ﬁelmﬁéssage 42. Thus, 20 anot her

d i i n .t . 42. 1t
BT b rond 1y Ao Rd EIGEE DoREl Bl PO BE r A bRE P RRG R0
confi gurati ora dflrtrmi_ ipm‘éb@w&:@m‘pppre@el\tisce IBﬂQiasusmmnbioneFlm. 3 &4 and
descr i bed Abque. POV de3,3; 75, dasbLablapd.adidst abl s 4 ohal, prgssure drop
an e

bet ween the "annul ar space OW passage W thout” requiring very
smal | passages tenedrdy iveegifaltheolgigttthedeneolidmbeer, kv oseer i f desired),

and al so prothQQacg%l\é%?}cgngf 3GEe$Sod ores%gfc%j wrestrictors 24, 30 at a
the ,

j obsite. Althoug ow restrictors have been descri bed above as
bei ng Due to this flow restriction, a pressure drop is

experienced between the chamber 36 and another chamber 52
10 on an opposite side of a bulkhead 54 in which the flow

restrictors 24 are installed. Any method may be used to

seal and secure the‘flow restrictors 24 in the bulkhead 54,

such as threads and seals, etc.

When the fluid 32 enters the chamber, another change
15 in direction is required for the fluid to flow toward
cpenings 56 which provide fluid communication between the
chamber 52 and the flow passage 42. After flowing through
the openings 56, a further change in direction is required
for the fluid 32 to flow through the passage 42. Thus,
20 another pressure drop i1s experienced between the chamber 52

and the passage 42.

It will be readily appreciated by those skilled in the
art that the configuration cf the inflow contrcl dewvice 34
as shown in FIGS. 3 & 4 and described above provides a
25 desirable and adjustable total pressure drecp between the
annular space 28 and the flow passage 42 without requiring

very small passages in orifices (although these coculd be

- 13 -



in the shape of tubes, it should he understood that other 5 types and

conbi nations of flow restrictors may be used in keeping wth the principles
of the invention. Referring additionally nowto FIG 5, another alternate
construction of the inflow control device 34 is representatively
illustrated. The inflow control device 34 10 as depicted in FIG 5 may be
used in the well screen 16, or it may be used in other well screens in
keeping with the principles of the invention. Instead of the tubular flow
restrictors 24, 30 of FIGS. 3 & 4, the inflow control device 34 of FIG 5 15
utilizes a s&fpésifofdepieodesndi etsn $ro8idep coppenientharrpeads 46, 54, 64

separating the.apiul 3s8PREEr262aNtho Ghapbalisi®e. 60188 gnThe flow
restrictors 58, 60, 62 are in the formof” nozzles or orifices in the
bul kheads 46,184 reg4ichAPrhddgh3bnPdreoReer |dppcrébed jaoge 88, bE@I 62 is 20

visible in egghepf dfiger §8PERSY €1 PUHLNCRAS: 48uepdt ot n@BYorHUpTDEr Of

orifices may be used in any of the bul kheads as appropriate to produce
cor r espondi ngraesiansy cpresRAfiensdebpElovTReS i THsE Pr 8| ave er Lag@d 1ot her

charact eri stiyegpPly tA8n 2% fIQWCEEBES ¢t kS 138enbPon 62 mMay al so be changed as
desired to vary t%e restriction to flow through the orifices. The flow

restrictors 58, Gfhred2idfeadiapichemly okl & Mmcasspeim@herl4 integrally
formed in the respective bul kheads_46, 54, 64, but it wll_be appreciated

t hat t he orifqlééén%ﬁﬁnCG“FEEQQE%En of the intlow control device 34 is
representatively illustrated. The inflow control device 34

10 as depicted in FIG. 5 may be used in the well screen 16, or
it may be used in other well screens in keeping with the

principles of the invention.

Instead of the tubular flow restrictors 24, 30 of

FIGS. 3 & 4, the inflow control device 34 of FIG. 5

15 utilizes a series of flow restrictors 58, 60, 62 in
bulkheads 46, 54, 64 separating the annular space 28 and
chambers 52, 66, 68. The flow restrictors 58, 60, 62 are
in the form of nozzles or orifices in the bulkheads 46, 54,
64. Although only one flow restrictor 58, 60, 62 is

20 visible in each of the respective bulkheads 46, 54, 64, any
number of orifices may be used in any of the bulkheads as
appropriate to produce corresponding desired pressure

drops.

The inner diameter and other characteristics of the
25 flow restrictors 58, 60, 62 may alsc be changed as desired
to vary the restriction to flow through the orifices. The

flow restrictors 58, 60, 62 are depicted in FIG. 5 as being

_14_



be fornmed on separate nenbers, such as threaded nmenbers which are screwed
into and sealed to the bul kheads 46, 54, 5 64. If the. flow. restrictors 58,
60, 62 are forned on separate nenbers, then they may be provided with
different characteristics (such as different inner dianmeters, etc:) to
thereby allow a variety of selectable pressure drops 10 between the annul ar
space 28 and the chanbers 52, 66, 68 in succession. In addition, any of the
flowrestrictors 58, 60, 62 could be left out of its respective bul khead 46,
54, 64 to provide a relatively |large opening in the bul khead (to produce a
reduced pressuregrdldp fomedsib theburkkpeddve B&lidreagsphbg Sy 6he installed in

pl ace of any, Qri.fi t C n_increased. pressure, dr.o cross the
bul khead) . ?Hg t|§§}§é§ F@@?ggéﬁﬁﬁ,t%%?‘%% §g§9(§5a§8%%§éL Sgaéennving t he
out er housi nge 48 rmatit er netpiaret § , maypens ngsichnds negslefismenbears t he openi ng 20

and plug 44 ?}% rialggd%%begq\égj) i%ég) E{Eﬁjyfsgglep‘; Q_‘.Si gﬁg bituhqé&]h d?”dds wgl4| 22 to access

the flow restrictors I'S manner, Ffow resdttictors 58,

60, 62 nay bedconveniently installed and otherw se accessed at a jobsite.
The flow restrictors 58, 60, 62 are configured in 25 series, so that the
fluid 32 nust fl3W the dugh sashrisftorhes8.o0rfi0f | e2xanen fsome®ssi on. This produces

a_pressure dggp, 26" 05%,&aCh: AL, the byl khgads, die S R4 Altbgugh the flow -
15 restrictors 58, 60, 62 are deplctedyln gIG. f as Belng
: characteristics (such as different inner diameters,. etc:)
to thereby allow a variety of selectable pressure drops
10 between the annular space 28 and the chambers 52, 66, 68 in
succession. In addition, any of the flow restrictors 58,
60, 62 could be left out of its respective bulkhead 46, 54,
64 to provide a relatively large opening in the bulkhead
(to produce a reduced pressure drop across the bulkhead),

15 or a plug may be installed in place of any orifice (to

produce an increased pressure drop across the bulkhead).

The flow restrictors 58, €0, 62 may be accessed by
removing the outer housing 48. Alternatively, openings and
plugs {(such as the opening 20 and plug 44 described above)

20 may be provided in the end wall 22 to access the flow
restrictors 58, 60, 62, In this manner, the flow
restrictors 58, 60, 62 may be conveniently installed and

otherwise accessed at a jobsite.

The flow restrictors 58, 60, 62 are configured in
25 series, so that the fluid 32 must flow through each of the
orifices in succession. This produces a pressure drop

across each of the bulkheads 46, 54, 6é4. Although the flow
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aligned longitudinally, they could instead be laterally offset fromone
another if desired to produce additional turbulence in the fluid 32 and
correspondi ng additional 5 pressure drops. Referring additional!,( nowto
FIG 6, another alternate construction of the inflow control device 34 is
representatively illustrated. The inflow control device 34 as depicted in
FIG 6 may be used in the well screen 16, or 10 it nay be used in other well
screens in keeping with the principles of the invention. The inflow control
device 34 of FIG 6 differs one substantial respect fromthe

t ast
i nfl ow cont r GEStESACEE of- quca 6% aTen dteﬁé?tef‘%énoﬂﬁal ce | BR*?estrictor 60 is

15 repl aced fayl@ﬁ@j eyl tuid fla0Wy | esieyi eb@1d AhstIhdie iReeral fyer nat e
construction of FIG 6 denonstrates that any conbination of fI ow restrictors

may be used PAIRERFE AR IFNOLRET pif HEPPFES t(?f PERRIGHPEAL F B The 1 ow

restrictors %8rb@enc®2iar€hastfilhlid Confangue®d:esROnlim$ &lddesios that the fluid
32 nust flow through each of the flow restrictors in succession. Although
the flow °r eSFRPEYST SY8BS- 24, 62 are depicted in FIG 6 as being aligned

desied 1o product HIARIR ol 267 LbiPAnce 118 1 fe T8 32 and correspondi ng
addi tional prnesswte doapsructidt oRefrer Lhippwaddnt rohaldwicaom tiz FI G 7,
anot her representatively illustrated. The - inflow control device 34
as depicted in FIG. 6 may be used in the well screen 16, or
10 it may be used in other well screens in keeping with the

principles of the invention,

The inflow control device 34 of FIG. 6 differs in at
least one substantial respect from the inflow control
device of FIG. 5, in that the orifice flow restrictor 60 is

15 replaced by the tubular flow restrictor 24. Thus, the
alternate construction of FIG. 6 demenstrates that any
combination of flow restrictors may be used in keeping with

the principles of the invention.

The flow restrictors 58, 24, 62 are still configured
20 in series, so that the fluid 32 must flow through each of
the flow restrictors in succession. Although the flow
restrictors 58, 24, 62 are depicted in FIG. 6 as being
aligned longitudinally, they could instead be laterally
offset from one another if desired to produce additional
25 turbulence in the fluid 32 and corresponding additional

pressure drops.

_16_.



alternate configuration of the inflow control device 34 is representatively
illustrated. The inflow control device 34 as depicted in FIG 7 may be used
in the well screen 16, or S it nmay be used in other well screens in keeping
with the principles of the invention. The inflow control device 34 of FIG 7
differs in substantial part fromthose described above, in that. it

i ncludes a manifold 70 having multiple flow restrictors 72, 10 74 and a
chanber 76 forned therein. The manifold 70 is positioned between the
chanbers 52, 68 in the inflow control device 34. In one unique feature of
the infl ow contrdiefgeyine agditypnadlg now th&IF} uid B@2thedws in one direction

through the ;1Bedd@W E68tilgueholod 2 ftBQTHr{fh%wC@&UEbL%'l G8vi& tihe;ighanber 52),

and the fluid flows in an op 503|te direction through the flow restrictor 74
(from the chafdessenbativelye idhanbarteds) Therdpf he msmérot miewlcqi 8432 reverses

direction insthefikaghein 2. (hejaeen toe fihovnhe eaini 6EpEsn 42, 44) and again

changes 20 direction in flow ng fromthe chanber 76 and through the passage

42 via thé oﬁéﬂﬁﬁgb56us$ﬁﬂﬁUPég%%‘ﬁﬁd BCEBINCe s PORRRAIGIpN &S UPE drop resul ts

from each of thesgieBaggesd Andifecdion of flow of the fluid 32. In
addition, pressure drops are caused by the 25 restrictions to flow presented

by the flow rest rirgt 9h51&B.conf2ol ldbvitBesd l@WrtesStT idilr@ess 58 72, 74 are
configured in - 17 series, so that the fluid 32 nust fIOM/through each of
the substantial part 'from those described above, in that it
includes a manifeld 70 having multiple flow restrictors 72,
10 74 and a chamber 76 formed therein. The manifeld 70 is
positioned between the chambers 52, 68 in the inflow

control device 34.

In one unique feature of the inflow control device 34
of FIG. 7, the fluid 32 flows in one direction through the
15 flow restrictor 72 (from the chamber 68 to the chamber 52),
and the fluid flows in an opposite direction through the
flow restrictor 74 {(from the chamber 52 to the chamber 76).
Furthermore, the fluid 32 reverses direction in the chamber
52 (between the flow restrictors 72, 74) and again changes
20 direction in flowing from the chamber 76¢ and through the

passage 42 via the opening 56.

Turbulence and a corresponding pressure drop results
from each of these changes in direction of flow of the
fluid 32. 1In addition, pressure drops are caused by the

25 restrictions to flow presented by the flow restrictors 58,

72, 74. The flow restrictors 58, 72, 74 are configured in
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flowrestrictors in succession. Any nunber of the flow restrictors 58, 72, 74
may be wused. Although the flow restrictors 72, 74 are depicted in 5 FIG 7
as being integrally forned in the manifold 70, the flow restrictors could
instead be forned in separate nenbers installed in the manifold. If the flow
restrictors 72, 74 are formed on separate nenbers, then they nmay be provided
with different 10 characteristics (such as different inner dianeters, etc.)
to thereby allow a variety of selectable pressure drops between the chanbers
52, 68 and the chanbers 52, 76 in succession. In addition, any of the flow
restrictors #eriesjdscoothhat lyhel EIvicoi? wist Héomarhfmiohh 8ch cofprrbei de a 15

relatively |gf rggggi&gmisnif,lhgué@e@sgghd (to produce a reduced pressure drop

across the mani e installed in place of any flow

restrictor (to p Aqlg %Fm@é}r elfngﬁgaisl%q, pém%grgr%@ a,czér 0ss fhepaenifold). The

manifold 70 and it strictors 72, 74 conv nlentlylnstalled
or accessed b§et¢enditheuathéhguf kv r|¢é951-¢fg>r4872Al”t4erarlf&t flerigred fnany of the

flow restgicgegs 7 38, odng lﬁtaapalfﬂf %Qm&n 1HEPRL A1 FBTHES S, chbey may be

installed or accessed through openi'ngs and plugs (such as 't he opening 20 and
pl ug 44 descEl®edesboveyotsn coned eigtpaf|be Iorped Refsepatalye additional |y now

to FIG 8, apothels iakiernat enconstiuseion of the inflow control device 34 is
- 18

If the flow restrictors 72, 74 are formed on separate

members, then they may be provided with different

10 characteristics (such as different inner diameters, etc.)
to thereby allow a variety of selectable pressure drops
between the chambers 52, 68 and the chambers 52, 76 in
succession. In addition, any of the flow restrictors 72,
74 could be left ocut of the manifold 70 to provide a

15 relatively large opening in the manifcld (to produce a
reduced pressure drop across the manifold), or a plug may
be installed in place of any flow restrictor (to produce an

increased pressure drop across the manifold).

The manifold 70 and its flow restrictors 72, 74 may be
20 conveniently installed or accessed by removing the outer
housing 48. Alternatively, if any of the flow restrictors
58, 72, 74 are formed on separate members, they may be
installed or accessed through openings and plugs {(such as
the opening 20 and plug 44 described above) in the end wall
25 22,

Referring additionally now to FIG. 8, another

alternate construction of the inflow control device 34 is
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representatively illustrated. The inflow control device 34 as depicted in
FIG 8 may be used in the well screen 16, or it may be used in other well
screens in keeping with the principles of the invention. 5 The inflow
control device 34 of FIG 8 is simlar in many respects to the configuration
of FIGS. 3 & 4, but differs in at |east one substantial respect in that it
includes the flowrestrictors 58 and nultiple channels 78 1in place of the
flowrestrictors 30. The arrangenent of 10 the channels 78 in relation to the
flowrestrictors 24 may be viewed nore clearly in the cross-section of FIG
9. The confi gtepaeémamﬁvl?lﬁﬁll&s&r@tem ovil‘hiesinfany odntiree deaime Banefits as

t he confi guratlgn ocf FI GS a t'b a l%Ceate t uI ence in the
fluid 32 in fRe“1B'%C a arF an‘a ¥heere5'y plr OVI S‘FFSS%O d| ﬁé pressure
drop between itheag Itaa/vulsestin cﬁttches ol landrédres flhoweepnesgt wiichoulse 24. Referring
additional ly now{ G6 1r9 gt?er alternate construction of the inflow
control devi E682'5° e resen attvel y illustrat ed The | nf | ow contr ol

devi ce 34 Of FI G }‘?'e J_G@Xoxpe %un%%gllg'e\}lrl% ‘é\?léf %ﬁ&eeg 1s 's 1R ar iy be used in

ot her scr eens in T<eep| ng rinci ples the 71 nvention. The
confi gur at i omaok rérepelcmfsl owtdmntpoflqie:wtmenBﬁ &3GS253 depi,cbed in FIG 10

differs fromdt Qgep% tl%r %op%%%uiro o4 St&gg]s_glrlgg gpove |n at | east one

substantial reéespec es a flo res]trl 65r1'80 which is
external ly 1ncludes the flow restrictors 58 and multiple channels 78 '

in place of the flow restrictors 30. The arrangement of
10 the channels 78 in relation to the flow restrictors 24 may

be viewed more clearly in the cross-section of FIG. 9.

The configuration of FIGS. 8 & 9 provides many of the
same benefits as the configuration of FIGS. 3 & 4. The
channels 78 create turbulence in the fluid 32 in the

15 chamber 36 and thereby provide a corresponding pressure
drop between the flow restrictors 58 and the flow

restrictors 24.

Referring additionally now to FIG. 10, another
alternate construction of the inflow control device 34 is
20 representatively illustrated. The inflow control device 34
of FIG. 10 may be used in the well screen 16, or it may be
used in other screens in keeping with the principles of the

invention.

The configuration of the inflow control device 34 as
25 depicted in FIG. 10 differs from the other configurations
described above in at least one substantial respect, in

that it includes a flow restrictor 80 which is externally
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- 19 positioned in the device. That is, the flowrestrictor 80 1is not
contained within an outer housing or chanber of the inflow control device
34. Instead, the flowrestrictor 80 is formed in a tubular 5 nenber 82 which
is sealingly and reciprocably received in a bore 89 formad in a housi ng 86.
The housing 86 is illustrated in FIG 10 as being attached to the bul khead 46
(for exanple, by welding, etc.), but it will be appreciated that the housing
86 and bul khead 46 could be integrally 10 forned, and that other arrangenents
of these elenents could be constructed, in keeplng with the principles of
the inventi ®/sipkonfspint BeP ideVEFe: Tpatt he rRbRbEFOB X A4S 16N 80 nserted i nto

the housing 8@ auf fdmit@Rhby Ji3hif0af MRk e ASuditgebYi ARV 68 88 can be
installed. The receiving device 88 may be installed in the base pipe 90 of

the wel | scré@iloyeardrRy 9i€&ds?- seal s or any other means of securing and

sealing the receiving device to the base p g The rece|V|ng device 88 has a
bore 92 and a passif&ads t2® ?%%”néﬂsﬁqﬁSFéFn"?ﬁef86W%95¥? Pst¥ljlageal i ngly

recei vi ng st hgembepWBLHWIBADEY B311RENLiaRd A8 prBeapas sagei 944 prrowi des  fluid
connunlcatlon bet ween the bore and the fl ow passage 42. Thus, at a jobsite,

when the wel PoE8nt thosRedatiy @ gugtig (B&d pT}t?dG‘@PFbﬁg dfardct eristics are
known, the appuepFrdtaide ihubtd anoneshelind2avdddheant @PEHORNNL AE&ad l4eW

(for example, by welding, etc.,), but it will be appreciated
that the housing B6 and bulkhead 46 could be integrally

10 formed, and that other arrangements of these elements could
be constructed, in keeping with the principles of the

invention.

As depicted in FIG. 10, the member 82 has been
inserted into the housing 86 sufficiently far so that a
15 receiving device 88 can be installed. The receiving device
88 may be installed in the base pipe 90 of the well screen
16 using threads, seals or any other means of securing and

sealing the receiving device to the base pipe.

The receiving device 88 has a bore 92 and a passage 94
20 formed therein. The bore 92 is for sealingly receiving the
tubular member 82 therein, and the passage 94 provides
fluid communication between the bore and the flow passage
42,

Thus, at a jobsite, when the well conditions and
25 desired preoduction characteristics are known, the
appropriate tubular member B2 with an appropriate flow

restrictor 80 therein may be inserted into the housing 86,
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restrictor 80 therein may be inserted into the housing 66, 20 and then the
device 88 may be installed in the base pipe 90. Any nunber of the tubul ar
menber 82 may be used, and the flow restrictor 80 may be varied (for
exanpl e, by changing an inner dianeter or other characteristi.c of the 5
flowrestrictor) to provide a variety of restrictions to flow and pressure
drops. The flow restrictor 80 may be forned in a separate nenber which is
then installed (for exanple, by threading) in the tubular nenber 82. In FIG
11, the tubular nmenber 82 has been displaced 10 upward, so that it is now
seal i ngly recdidyeben rihehdepbre 8g2mayfbe HéS’F@]e]@d\nlngU@Fe\ha@é B&e A snap ring 96

i's then receiged hfly anBe®SSt Wil QLB ORehbEr telébh{hé‘rbmg §gato maintain
the menber 82 in this position. To renove the tubular mermber 82, the snap

ring 96 may the BEowiRasdradiey idnmenebe gessed o orapgamten bhe t ubul ar menber
may be di spl 8&-}%@ @'Q%W ﬁlnbf] dNgeher & 8410k %ra@?é’?{é}g B@ﬁ Jie receiving

device 88 may thén detached fromthe base pipe 90 and the tubul ar nenber
82 may be > witlodr BOFE FicEATL heo M@ﬁ% B|Farpery rﬁ’fugéStltllfﬁélpr’alfeP 32 flows

t hrough the fA1QW EEStIreSkQre QPN tHR trubyl Als MRELEF B2 malhsL €by producing a
pressure \cl)@p bet ween the annular space 28 and the flow passage 42. |f
oF

multiple flo @§fir41ttaors§P89a‘éﬂr depboyivdahf by tihent hestqldfedowfeont rol devi ce

34, then one O, pREe Wf tﬁnli1€§@lr{8%yll%etl?§ theRl AcedmBYragpl Ug (e.g., by
provi ding a tubu ar menber

In FIG. 11, the tubular member 82 has been displaced
10 upward, so that it is now sealingly received in the bore 92
cf the receiving device 88. A snap ring 96 is then
received in a recess 98 formed on the tubular member 82 to

maintain the member 82 in this position.

To remove the tubular member 82, the snap ring 96 may
15 be withdrawn from the recess 98, and then the tubular
member may be displaced downward in the bore 84 of the
housing 86. The receiving device 88 may then be detached
from the base pipe 290 and the tubular member 82 may be

withdrawn from the housing 86.

20 In use, the fluid 32 flows through the flow restrictor
80 in the tubular member 82, thereby producing a pressure
drop between the annular space 28 and the flow passage 42.
If multiple flow restrictors 80 are provided for in the
inflow control device 34, then one or more of these may be

25 replaced by a plug (e.g., by providing a tubular member 82
without the flow restrictor 80 formed therein) if desired

tc provide increased restriction to flow and a
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wi thout the flowrestrictor 80 fornmed therein) if desired to provide
increased restriction to flow and a - 21 correspondi ng increased pressure
drop between the annul ar space 28 and the fl ow passage 42. Referring
additionally nowto FIG 12, another alternate construction of the inflow
control device 34 is 5 representatively illustrated. The inflow control
device 34 of FIG 12 may be used in the well screen 16, or it may be used
in other well screens in keeping with the principles of the invention. The
inflow control device 34 differs fromthe other 10 inflow control devices
descri bed aboeerespatdingadtcreasedspirstsanti dtor dspeetn the thatlart i ncludes a

flow restrict i IS LN d,kn the base pipe 90. The flow
%Ece%gpégs ?EE. og ﬁ%%#;d% 45.

restrictor 16 provi I Ui o] ni'catron between the flow passage 42 and

a chanber 102 wi tﬂ%&fﬁguﬂdmi@ﬁﬂv)ln&%" 104, of,t haenoitﬂ%kow control device
e 0 '

34. Any nunber of t wrestrictors 1 may be " provided. Each flow
restrictor 1GAtapyatse choshrurtiionact sdgaiafkowegberolGBviinst 3 lisd i n t he base

pi pe 90 (f-or + 1 WS NG; Hhr nd | S et 0 . mulst,i pl e flow
restrict orss f§g§grg%tgart3v?%j%gll]‘lgf%?%tgec?heT?%f n(?v%/ogogﬁtoﬁoadg\%{ucée@ﬁ, t hen any
of the nenbercf £06. I¥apalbebe epiedced e aspl irraeeni her egsétthey freessure drop

bet ween t he _and- + na 47 f he OF More
of the nenbeﬁ%%%gﬁ now]sltgl%gen?le]f {L%rELQgNlQ] 880 Gri e LS %Ehgfﬂai'es |

of the invention.

The inflow control device 34 differs from the other
10 inflow control devices described above in at least one
substantial respect, in that it includes a flow restrictor
100 which is installed in the base pipe 90. The flow
restrictor 100 provides fluid communication between the
flow passage 42 and a chamber 102 within a housing assembly

15 104 of the inflow control device 34.

Any number of the flow restrictors 100 may be
provided. Each flow restrictor 100 may be formed in a
separate member 106 installed in the base pipe 90 (for

example, using threads and seals, etc.).

20 If multiple flow restrictors 100 are provided for in
the inflow control device 34, then any of the members 106
may be replaced by a plug to increase the pressure drop
between the chamber 102 and the flow passage 42.
Alternatively, one or more of the members 106 may be left

25 out to thereby provide a relatively large opening between
the chamber 102 and the flow passage 42, and to thereby

reduce the pressure drop.
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25 out to thereby provide a relatively |arge opening between the chanber 102
and the fl ow passage 42, and to thereby reduce the pressure drop. -22 The
menber 106 nay be conveniently accessed by renoving the housing assenbly
104. The housing assenbly 104 may include multiple housing nenbers 108, 110
with a conpression seal 112 between the housing nenbers. Wien the 5 housing
assenbly 104 is installed after accessing or installing the flow restrictor
100, the housing nmenbers 108, 110 are drawn together (for exanple, using
threads, etc.) to thereby conpress the seal 112 between the housing nenbers
and seal between The meobsr nif cagegnbt ycomnentdre llyagseceddedobge 90. Referring

additionally w.to Fl . anaot he al.ternate construction of the inflow
cont rol devié%§§Xl$%1j§%8%§%31 atrve ?YﬁP?Usﬁ%gtgags¥ﬁéaFﬁ?F%£&controI devi ce
34 of FIG 1IR4mayybexalsdd mul tilpédeweddsisgreenbekB, 108, i1l0maythea 15 used in

ot her screens_jn_k in  t Lnciples of the . invention. The inflow
control devi c(’é)mgﬁeggpod‘e%ie\é\% eic}lzlt %%EF%I{]E’% S fngw?rns'mﬁbe? etshﬁect s to the
i nfl ow corit r dloudéng cesemblFI 104 535 Homtenerpd aftersabs¢sgingabrdi fference bet ween

t hese 20 i nfl.Qw trol geg'gp 34 i§_th ot device of FIG 13 includes
f|OM/b|OCkindgﬁ%%g£¥g}fE , %ﬁG%Fﬁ'fhé”¥b?h1bpﬁmbaPPg%n e@%ﬁ?%e, ot her types
of flow bl ocKi0fg hEhizersdnayn togetised, (fot eemipled. using threads,

etc.) to thereby compress the seal 112 between the housing

members and seal between the housing assembly and the base

10 pipe 90.

Referring additionally now tc FIG. 13, another
alternate construction of the inflow control device 34 is
representatively illustrated. The inflow control device 34
of FIG. 13 may be used in the well screen 16, or it may be

15 used in other screens in keeping with the principles of the

invention.

The inflow control device 34 as depicted in FIG. 13 is
similar in many respects to the inflow control device of
FIG. 5. However, one substantial difference between these

20 inflecw control devices 34 is that the device of FIG. 13
includes flow blocking members 114, 116 in the form of
balls. ©Of course, cother types of flow blocking members may

be used, if desired.

An example of flow blocking members which may be used
25 for the members 114, 116 is described in U.S. Published
Application No. 2004/0144544, the entire disclosure of

which is incorporated herein by this reference.



An exanpl e of flow bl ocking nenbers which may be used 25 for the nenbers
114, 116 is described in O S. Published Application No. 2004/0144544, the
entire disclosure of which is incorporated herein by this reference. - 23
Anot her substantial difference is that the inflow control device 34 of FIG
13 includes flowrestrictors 118, 120, 122 which provide fluid conmunication
between the fl ow passage 42 and the respective Chanbers 52, 66, 68. Any 5
nunber of the flowrestrictors 118, 120, 122 may be provided, and the flow
restrictors may be fornmed. directly in the base pipe 90, or they may ba
formed i n separ at anopEarbéerbstanidaladiffrreneabes the6 tlescimifded above), and

t4ey may be %%@YSP%?&H% bpsi@ldred pf s %9&&%{%1‘3&6 peooval of {fie 10 outer
The 1 erably

housi ng 48. menbers 114, 116 are pre neutral Ty buoyant” in water
and, thus, ar¥OnpoleZ ddrish pherideydlotdrdsonunicatdon petwaaratheefdow t he nenbers

114, 116 may havgqa Aensist ¥ne WGl E fudehUREL- 4 R3L oF, wat er aand hydrocarbon

fluid, so 15 that "they beconme buoyant when the fluid 32 contalns a certain
sel ect ed pTopoimbesnobfthgatesy Ntaichars i18i sl4fbt 1A8ceasdey for the nenbers

114, 116 to Naxe LRE AATRLDUPYANGKss FOL SXAR G tfgﬁaé@’m%c%ﬂﬁ may be

desi gned to be buoyant in the fluid 32 when i1t” has a 20 certaln proportion of
wat er, and t hin rrdsbesse Feraay0beor dhey gried bt of rmegudyasrpamatehe fl ui d havi ng

anot her  propgyh).e0 Ps‘fuc\@fagigr.the member 106 described abovej, and tgey
may be conveniently installed or accessed by removal of the

10 outer housing 48.

The members 114, 116 are preferably neutrally buoyant
in water and, thus, are more dense than hydrocarbon fluid.
Alternatively, the members 114, 116 may have a density
which is between that of water and hydrocarbon fluid, so

15 that they become buoyant when the fluid 32 contains a

certain selected proportion of water.

Note that it is not necessary for the members 114, 116
to have the same buoyancy. For example, the member 114 may
be designed to be buoyant in the fluid 32 when it has a
20 certain proporticn of water, and the member 116 may be
designed to be buoyant in the fluid having another

proportion of water.

In this manner, flow through the inflow control device
34 may be increasingly restricted as the proportion of
25 water in the fluid 32 increases. This will operate to
reduce the propcrtion of water produced in the well system
10.
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In this manner, flow through the inflow control device 34 may be
increasingly restricted as the proportion of 25 water in the fluid 32
increases. This will operate to reduce the proportion of water produced in
the well system 10. - 24 If multiple flow bl ocking nmenbers 114 are provided
in the chanber 66, it is not necessary for all of the nenbers to have the
sane density. Simlarly, if multiple flow blocking nenbers 11.6 are provided
in die chanber 68 it is 5 not necessary for all of the nmenbers to have the
sanme buoyancy. This is another nmanner in which increased restriction to
flow may be provilfeduasipire flrwi ol SXingommiiens bk iaker easetHsst éporti on of

water, Variouser slaileonss ns. het ween e per of fdowndOnbhacki ng member s

114, 116 and respective flow restrictors 20, 122 are contenpl at ed.
For exanpl e, tehkayrifher sawg dRBRHEY s ﬂ@liﬁrkmeléhﬁwl%fh@lﬁ/ be | ess than

the nunber @fifkovy l;n%agéwthresaﬁg plﬂo%%deéonth% Dol 88 {hes conposition
of the fluid 32, some floww | still be 15 pernitted between the chanbers

66, 68, 0P bEPHERAFSHArY cHREmgdl 6B WedmeRend 6w hassade agme As anot her

exanpl e, thgypiadher, ofnienbensodld mBYnbe ©BaUalch OinReagtgater than, the
nunber of flow  restrictors 60, 122, so that flow from the chanber 66 to the

chanber 66 oFeFbrididon| b PewsAge 2 PFOVHERE 96 Boppiletidl y2prevented. As
depicted in Ebfradd ahhentmien dddpd:tibhagkiRger . .

Various relationships between the number of flow

10 blocking members 114, 116 and respective flow restrictors
60, 62, 120, 122 are contemplated. For example, the number
of members 116 in the chamber 68 may be less than the
number of flow restrictors 60, 122, so that no matter the
composition cf the fluid 32, some flow will still be

15 permitted between the chambers 66, €8, or between the
chamber 68 and the flow passage 42. As another example,
the number of members 116 may be equal to, or greater than,
the number of flow restrictors 60, 122, so that flow from
the chamber 68 to the chamber 66 or to the flow passage 42

20 may be completely prevented.

As depicted in FIG. 13, the member 114 is blocking
flow through the flow restrictor 120 and the member 116 is
blocking flow through the flow restrictor 122, so that the
fluid 32 is forced to flow from the chamber 68, thrcugh the

25 flow restrictor 60, then through the chamber 66, then
through the flow restrictor 62, then through the chamber
52, and then through the flow restrictor 118 and into the
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flow through the flow restrictor 120 and the nenber 116 is blocking flow
through the flowrestrictor 122, so that the fluid 32 is forced to flow from
t he chanber 68, through the 25 flow restrictor 60, then through the chanber
66, then through the flow restrictor 62, then through the chanber 52, and
then through the flowrestrictor 118 and into the 25 flow passage 42. The
menber 116 could alternatively (or in addition, if multiple nmenbers 116 are
provi ded) block flow through the flow restrictor 60, thereby forcing the
fluid 32 to flow fromthe chanber 68 through the flow restrictor 5 122 and
into the fl ofipapsagegel2.Si Mhe ardmpert his menbéraltbidacowdldy abtretmati vely (or

in addition, _if. nultiple .nenpers 114 ar.e provided) ck fl t hrough t he
flow restri %?%lrtlgﬂj f%emruel&l/p %rm&m%lljar? hel%f il cP]?fltdSQ# F% chkr g#’wt he chanber
66 through ttierdugbwehestlrowctest di2Gocandl,i nheréhe fokDifif ovhepaddsage 42. Note

that it is n ne S f the specjifi combhination of fl.ow restrictors
56, 60, 63, Tade 130 T ohri (BrBRECH | TrERE g OB GURHRH i n e

i nfl ow cohtrd?2 ahelvioeo Ihe Edow epamspbe, 4any SohiXdrd yf, | oe mestoerct ors 118, 15
120, 122 cou be elim . o DY replacing themw th plugs, or sinply
not provi di n%‘-ﬁ? ocrou?ﬁe%]lt%giltn%g)lggln\g (é)IIt réra‘%ol?%rﬁ’e Lnfl;mrr%?l ]1e14, 116 coul d be
used just foremderckilhy afd pwovhdaligbhlotie fflllogwehestghi cher8ld0, 62. As anot her

exanpl e, the QW trd ctor ‘ X repl . peni ng 56
descri bed ab‘(r')%/éet,rl\%kglgghéi\/btt}ﬁar%%gvt%%gh?%ﬁgiei ALY % Y HS AR
the chamber 66 through the flow restrictor 120 and into the

10 flow passage 42.

Note that it is not necessary for the specific
combination of flow restrictors 58, 60, 62, 118, 120, 122
illustrated in FIG. 13 to be provided in the intlow control
device 34. For example, any of the flow restrictors 118,

15 120, 122 could be eliminated (e.g., by replacing them with
plugs, or simply not providing for them, etc.) and either
of the members 114, 116 could be used just for blocking
flow through the flow restrictors 60, 62, As ancther
example, the flow restrictor 118 could be replaced by the

20 opening 56 described above, which would provide relatively
unrestricted flow of the fluid 32 between the chamber 52
and the flow passage 42.

Note that it is also neot necessary of the specific
combination of flow blocking members 114, 116 illustrated

25 in FIG. 13 to be provided. For example, either of the
members 114, 116 could be eliminated. As another example,

one or more additional flow blocking members could be
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unrestricted flow of the fluid 32 between the chanber 52 and the flow
passage 42. Note that it is also not necessary of the specific conbination
of flow bl ocking nmenbers 114, 116 illustrated 25 in FIG 13 to be provided.
For exanple, either of the nmenbers 114, 116 could be elimnated. As another
exanpl e, one or nore additional flow blocking nmenbers could be - 26
provided in the chanber 52 to selectively block flow through the flow
restrictor 118. Referring additionally nowto FIG 14, another alternate
construction of the inflow control device 34 is 5 representatively

i |l ustrat ed. PTheidedf iowtkomhagbededd ¢ 8aledivel G blirkmiyobe used in the well

screen 16, Okp}d,J1RY Qeflwggslcpl@gcj}eﬁﬁcreens in keeping with the principles
of the inventlon. Re I nflow control device 34 as depicted in FIG 14 is 10

similar in many rlfesf@@ﬂlsgtéadtﬂeeomfﬂyowoww 1wk, de¥] GRoRher FIG 6, at least in
part because it includes ' the flow restrictor 24 installed in the bul khead

64. The i nfl @hcERTBTEr 6Pn%j‘é‘iHCt’§é°34°%fthFl iy renkrdlo dsVihFe att ti6 t he devi ce
of FIG 18, lrepr_r@@éntlatm@w udesst hedd.owrkd aglth BY FBIMeNSadwickl44 116 in the

respective chanbers 66, 68. However, note that the flow restrictor 122 is not
provi ded in CReFIGf I1dwnaprite Giscdein dde3nely soreen 146, PRUST MBhdenenber 116

only bl ocks fjlsew ihreugh $hedhkovn n&%tprlhgt@lrth 2fle principles of the

invention.

The inflow control device 34 as depicted in FIG. 14 1is
10 similar in many respects to the inflow control device of
FIG. 6, at least in part because it includes the flow
restrictor 24 installed in the bulkhead 64. The inflow
control device 34 of FIG. 14 is also similar to the device
of FIG. 13, in that it includes the flow blocking members
15 114, 116 in the respective chambers 66, 68.

However, note that the flow restrictor 122 is not
provided in the inflow control device 34 of FIG. 14. Thus,
the member 116 only blocks flow through the flow restrictor
24,

20 As depicted in FIG. 14, the member 116 is blocking
flow through the flow restrictor 24. If multiple flow
restrictors 24 are installed in the bulkhead 64, and the
number of members 116 is less than the number of
restrictors, then flow may still be permitted between the

25 chambers 66, 68 via the unblocked restrictors.

Similar to the description above regarding the

embodiment of the inflow control device 34 illustrated in
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20 As depicted in FIG 14, the nmenber 116 is blocking flow through the flow
restrictor 24. If nmultiple flow restrictors 24 are installed in the bul khead
64, and the nunber of nmenbers 116 is | ess than the nunber of restrictors,

then flow may still be permtted between the 25 chanbers 66, 68 via the
unbl ocked restrictors. Simlar to the description above regarding the
enbodi nent of the inflow control device 34 illustrated in - 27 FIG 13, any

conbination of the flowrestrictors 58, 62, 24, 118, 120, 122 and flow
bl ocki ng nenbers 114, 116 may be used, any nunber (and any relative nunbers)
of these el EBRentls mayY OMPLBAt iehetf Eb%y Biowc ke syt iferBer 28 i -be used 5 in

any (and any;gonpiglatben)i0f ahBes ChaBIeE B R mefifer $8:14, aNge gQ@mbi nati on of
densities of the flow bl ocki ng nenbers may be used, w thout departing from

the princi pl #§edofanyhBUIRRAeEREnanREEAA F1 iy TABBEY$lorPdl FPe$dW to FIG 15, an

enl arged 10e36md:AsSaRQNBY G eal O8i%e Sa6LI BNAkiVhemerfe r@anphPese alsber nat e
construction of the inflow control device 34 is representatively

i |1 ustrated. iTha"y ifngwrth RPFBL elAndec84theshambert od i RFI%, 15 may be used

in the well gggesy Eombi@dtilch PRYddRiUsed di tatherowehbegeigens in keeping
with the 15 principles of the invention. The inflow control device 34
i ncl udes t he™ATIPEIHFEY PE Hiefest+iRdGr departing EB itGGr BELRGIPd&Ri es. The fl ow

restrictors 24,0 iakentiod.he shape of el ongated tubes,

Referring additionally now to FIG. 15, an enlarged
10 scale schematic cross-sectional view of another alternate
construction of the inflow control device 34 is
representatively illustrated. The inflow control device 34
as depicted in FIG. 15 may be used in the well screen 16,
or it may be used in other well screens in keeping with the

15 principles of the invention.

The inflow control device 34 includes the multiple
flow restrictors 24, 30 configured in series. The flow
restrictors 24, 30 are in the shape of elcongated tubes,
similar in many respects to the inflow contrcl device of

20 FIGS. 3 & 4. However, in the embodiment of FIG. 15, the
flow restrictors 24, 30 are curved so that they reverse

direction longitudinally.

An elevational view of the inflow control device 34 is
illustrated in FIG. 16. The elevational view is of the
25 inflow control device 34 of FIG. 15 with the outer housing

48 removed.
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simlar in

curved so that they reverse

many respects to the inflow control device of 20 FIGS. 3 & 4.
However, in the enbodinent of FIG 15, the flowrestrictors 24, 30 are

direction longitudinally. An el evational

vi ew of

the inflow control device 34 is illustrated in FIG 16. The el evati onal view
is of the 25 inflow control device 34 of FIG 15 with the outer housing 48

renoved. -

be clearly

28 Inthis view, the manner in which the flow restrictors
are arranged in the device 34 to cause the fluid 32

24, 30

to change direction may
seen. The flow restrictors 24, 30 extend into the central

chanber

36. The 5 ends 38 tB3sofiqrhe the olannest i cthdch phe Bovexeemridtersopposite
apd iherbl QW4 RRlr 610 dRVELd ?IQ that &l ke BAyihab the fluid 32
in

di recti ons,

is forced to reverse direction tw ce. ow ng between the flow
restrictors: FOFFRARGChEL BRFTHCAr MaYRtee c28ar bhéerPui IFB2 fEP¥ws into the

10 fl ow

restrictors 30swicglrar£4, ot akt &k iidtbhendulkbead 4ambeAnys MeaRs of sealing

and securing the flowrestrictors 30

in the bul khead 46 nay be used. The

f1 ow rest Pi cCBR% H0 4Pelt et HLAL FIBWLBECThe 4t | 3¢ B¥¥2ndsit hat a pressure
drop resul t%B{a@w&eai&B@tﬁmql 8hd SPRC148 And rh Beo chaReia36. 15 The flow

restrictors 3

change in noRBhRtimids ERethdy Gha flwirs

are curved, so that the%,fprce the fluid 32 to experience a
EhivUGHceRet I IXONCEESt ri ct or s.

Speci fically.qikBet i€ tGBOdiNBALY Ofg HeCReed 3n& 60wt thhoMFLStrictors 30

10

15

20

25

From the annular space 28, the fluid 32 flows into the
flow restrictors 30 which are installed in the bulkhead 46.
Any means of sealing and securing the flow restrictors 30
in the bulkhead 46 may be used. The flow restrictors 30
restrict the flow of the fluid 32, so that a pressure drop

results between the annular space 28 and the chamber 36.

The flow restrictors 30 are curved, so that they force
the fluid 32 to experience a change in momentum as the
fluid flows through the flow restrictors. Specifically, in
the embodiment of FIGS. 15 & 16, the flow restrictors 30
force the fluid 32 to change longitudinal direction twice
prior to exiting the ends 43 of the flow restrictors. 1In
addition, the flow restrictors 30 force the fluid 32 to
flow circumferentially somewhat, thereby requiring a
further change in momentum prior to exiting the ends 43 of

the flow restrictors.

The pressure drop between the annular space 28 and the
chamber 36 may be adjusted by varying the number of the

flow restrictors 30, varying the inner diameter, length,
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force the fluid 32 to change |ongitudinal direction twice 20 prior to exiting
the ends 43 of the flowrestrictors. In addition, the flowrestrictors 30
force the fluid 32 to flow circunferentially sonewhat, thereby requiring a
further change in nonmentumprior to exiting the ends 43 of the flow
restrictors. 25 The pressure drop between the annul ar space 28 and the
chanber 36 may be adjusted by varying the nunber of the flowrestrictors 30,
varying the inner dianeter, length, - 29 curved configuration, manner in

whi ch and/ or nunber of tines the fluid 32 is forced to change nonmentum and
ot her char asueyedboadigirations | Bapneasip| wiighs and gy aemhgr eof certai n number

of the flow kealsiGl0ESu I 1) BLUBS:ccd ESPLARLAINSAIR AL Bhd dthekhe Tl ow
restrictors wth orifices nozzles, not installing Sone or all of the flow

restrictors EhawacterReredy qfeéb?— Nt Féﬁ‘aﬂf\ﬁe?lr? | BARjecinpeni ng | n the

bul khead 46) ot Lin AubbOHHE wve piou n%supworeemﬂ ¢hegs, 30 are used in the
inflow control device 34 as 10 depicted in FIG 16, any appropriate nunber

may be us@d iRP1FEG: SeBe IF Par PheLTTY dlew IBSEEbERCUNMISED PhiEisREs 43 of the

flow restricl@rgo3es! NRot | 128D S SchBe£haTber 3% cisince the ends 38, 43
of the flowrestrictors 24, 30 15 overlap, the fluid 32 is forced to reverse

direction twrestriigse (&rf or tHGTEME 1eAUsNBS GELRRLVIIYOWAEt ri ctors 24.
These abrupt gBANGES nl Rhdi K84 HEQR £AUSRLLUr RUIEBEEN it BE the flow

restrictors 30 are used in the inflow control device 34 as
10 depicted in FIG. 16, any appropriate number may be used in

practice.

After the fluid 32 flows out of the ends 43 of the
flow restrictors 30, the fluid enters the chamber 36.
Since the ends 38, 43 of the flow restrictors 24, 30
15 overlap, the fluid 32 is forced tco reverse direction twice
before entering the ends 38 of the flow restrictors 24,
These abrupt changes in direction cause turbulence in the
flow of the fluid 32 and result in a further pressure drop
between the flow restrictors 24, 30. This pressure drop is
20 uniquely achieved without the use of small passages which

might become plugged or eroded over time,

As the fluid 32 flows through the flow restrictors 24,

a further pressure drop results. The flow restrictors 24
are curved in a manner similar to that described above for

25 the flow restrictors 30, thereby forcing the fluid 32 to
change momentum within the flow restrictors. As discussed

above, the restriction to flow through the flow restrictors
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flow of the fluid 32 and result in a further pressure drop between the flow
restrictors 24, 30. This pressure drop i s 20 uni quely achi eved w thout the
use of small passages which might becone plugged or eroded over tine. As the
fluid 32 flows through the flow restrictors 24, a further pressure drop
results. The flow restrictors 24 are curved in a manner simlar to that
descri bed above for 25 the flow restrictors 30, thereby forcing the fluid 32
to change momentumwi thin the flow restrictors. As discussed above, the
restriction to flow through the flowrestrictors - 30 24 may be altered by
varyi ng the Rengiyhpei aheereadi yet@ryingnmamaerengnhwhircteraddamstarunber of ti nes

the fluid 32.1s..f Qroed; 10 change, IRABNL 1, and, of har, ghas agteri stics of the
flow restriclors” 5™'Dlie’ o AHT S T oW reltric ion, a‘pressure drop is
experi enced lfetvwkriot heanjramoeenB6n.anddt tiehechahbercte2 iohicd hef opposite si de

of the bul khead 54 kgic égh the flow restrictors 24 are installed. Any

met hod may be use % seal’ and secure the flowrestrictors 24, 30 in the 10

bulkhead3546, 54“%%92 ;4 hhead $§ych eal s, ?ﬁgﬁgdgb géaﬁgng, etc. Wen the

fluid 32 énters t anber, “anot her "chande |rech I's required for the
fluid to floexpemiendet heetwgsani ngsctEdbehi ©h apdovielectfambed Thrmmuni-cati on

betveen the 15, canbeL, 52 And L b, b9 0855908, 42, . Af LEL Hgp ng through the

f
openi ngs 56, a f change’in direction’is require
restrictors 24 are instalied. Any method may be used to

seal and secure the flow restrictors 24, 30 in the
10 bulkheads 46, 54, such as threads and seals, welding,

brazing, etc.

When the fluid 32 enters the chamber, another change
in direction is required for the fluid to flow toward the
openings 56 which provide fluid communication between the

15 chamber 52 and the flow passage 42. After flowing through
the openings 56, a further change in direction is required
for the fluid 32 to flow through the passage 42. Thus,
another pressure drop is experienced between the chamber 52

and the passage 42.

20 It will be readily appreciated by those skilled in the
art that the configuration of the inflow control device 34
as shown in FIGS, 15 & 16 and described above provides a
desirable and adjustable total pressure drop between the
annular space 28 and the flow passage 42 without requiring

25 very small passages in orifices (although these could be
used if desired), and also provides convenient access to

the flow restrictors 24, 30 at a jobsite.
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for the fluid 32 to flow through the passage 42. Thus, another pressure drop
i s experienced between the chanber 52 and the passage 42. 20 It will be
readily appreciated by those skilled in the art that the configuration of
the inflow control device 34 as shown in FIGS. 15 & 16 and descri bed above
provides a desirable and adjustable total pressure drop between the annular
space 28 and the fl ow passage 42 without requiring 25 very small passages in
orifices (although these could be wused if desired), and al so provides
conveni ent access to the flowrestrictors 24, 30 at a jobsite. - 31
Referring additi GFAPFHLRHRAESTEPRE 117000 FefllEr gblt 28cantAaEesermt i ¢

Cross-secti 0Bad1e/isewendt @Nelrbes- addtebhat 671 G088t dndthie@Na Piednla@ei Nfl ow cont r ol
device 34 is representatively illustrated. The inflow control device 34 5 as

depicted in FPRSCIEFLHEY Qfetﬁi§eﬂnﬂ?‘*‘t RentkAY 98¥+eRP4165 or it may be used in

ot her well seegenentdtiwep ng1veidatele d nakpPbeschk rbhesdviventjon. The
inflow control device 34 includes the multiple flow. restrictors 24, 30

configured i AS<&HEESd THE Flfow' 7 F5Yr BEt 8% 6F‘st]ﬁl wedd #FESS™ lfhe shape of

el ongat ed t ubgesSit %aki baruddd FRNYLHASPETT Ssdreehbeid Kdekpvagontthokhgevi ce of
FIGS. 15 & 16. However, in the enmbodinment of FIG 17, the flowrestrictors

24, 30 are cBFidPHEF| ehIthe 4BV Hat they force the fluid 32 to flow

helically tIqrquk%géhenglodvég%tigftJéJigg iﬁ includes the multipie

flow restrictors 24, 30 configured in series. The flow

10 restrictors 24, 30 are in the shape of elongated tubes,
similar in many respects to the inflow control device of
FIGS. 15 & 16, However, in the embodiment cf FIG. 17, the
flow restrictors 24, 30 are curved helically so that they
force the fluid 32 to flow helically through the flow

15 restrictors.

An elevational view of the inflow control device 34 is
illustrated in FIG. 18. The elevational view is of the
inflow control device 34 of FIG. 17 with the outer housing

48 removed.

20 In this view, the manner in which the flow restrictors
24, 30 are arranged in the device 34 to cause the fluid 32
te change direction may be clearly seen. The flow
restrictors 24, 30 extend into the central chamber 36. The
ends 38, 43 of the flow restrictors 24, 30 extend in

25 opposite directions. The ends 38, 43 of the flow

restrictors 24, 30 could overlap longitudinally, if:
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An el evational view of the inflow control device 34 is illustrated in FIG
18. The elevational viewis of the inflow control device 34 of FIG 17 with
the outer housing 48 renoved. 20 In this view, the manner in which the flow
restrictors 24, 30 are arranged in the device 34 to cause the fluid 32 to
change direction may be clearly seen. The flow restrictors 24, 30 extend into
the central chanber 36. The ends 38, 43 of the flowrestrictors 24, 30
extend in 25 opposite directions. The ends 38, 43 of the flow restrictors
24, 30 could overlap longitudinally, if - 32 desired, so that the fluid 32
is forced todrEvESYe Song%tctqh&nfﬂ-W%ézi AS f fGReAgt Detsteaiet he f1 ow

restrictors. dkrosm idie tanesll & rIPACy 2Rewbde thleUkdoBZ dhouetdg o the flow
restrictor 30 which is installed in the bul khead 46. 5 Any neans of sealing

and securing the fdawthesirnriQtaer sg:d 28, t i Fubkhesd AGwEaynde tuged. The fl ow
restrictor restricts the w of the fluid 32, so._that aqpressure drop

3. .o :
results bet V\égﬂwtrrf'é*téﬁﬁﬁ?%r sb’&(’:‘é}._z’ﬁ dRATEHE G RANDRS PYBXNGRE 490w restrictor

30 i s curgedangonddiat oft séaricgsand Gddieihy uind 3208 orEREEEENG anchange in
monmentum as the “fluid fl Wsthroug%thgflowrestri,ctors, Specifically, in
the enbodi meffedPuIpEdd 49 mgv18e sl 1 | OOF rdStr Fetori o80T $Orces the fluid 32

to flow circugberamntd ahbyrandofl ongifiudiingd| o th&s a ?blebggaié Wropt her eby

requiring a 15 subs%anti al %han e I n nomentum of the uid p_3rEi> or to

results between the annular space. 28 and the chamber .

The flow restrictor 30 is curved, so that it forces
10 the fluid 32 to experience a change in momentum as the
fluid flows through the flow restrictors. Specifically, in
the embodiment of FIGS. 17 & 18, the flow restrictor 30
forces the fluid 32 to flow circumferentially and
longitudinally (i.e., helically), thereby requiring a
15 substantial change in momentum of the fluid prior to

exiting the ends 43 of the flow restrictors.

The pressure drop between the annular space 28 and the
chamber 36 may be adjusted by varying the number of the
flow restrictors 30, varying the inner diameter, length,

20 curved configuration, manner in which and/or number of
times the fluid 32 is forced to change momentum, and other
characteristics of the flow restrictor, replacing a certain
number of the flow restrictors with plugs, replacing the
flow restrictor with an orifice or nozzle, not installing

25 the flow restrictor (i.e., thereby leaving a relatively
large opening in the bulkhead 46), etc. Although one flow

restrictor 30 is used in the inflow control device 34 as
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exiting the ends 43 of the flow restrictors. The pressure drop between the
annul ar space 28 and the chanber 36 nay be adjusted by varying the nunber of
the flowrestrictors 30, varying the inner dianeter, |ength, 20 curved
configuration, manner in which and/or nunber of times the fluid 32 is forced
to change nonmentum and other characteristics of the flow restrictor,
replacing a certain nunber of the flow restrictors with plugs, replacing the
flowrestrictor with an orifice or nozzle, not installing 25 the flow
restrictor (L.e., ther | eaving a rel at.i yel | ar ge ening in the bul khead
46), etc. N??Fdlftgtﬁdohréeﬁédw?g‘r et %r ?8?5?p%6¥Fs‘¥ﬂ%béed ﬁﬁyt ee”isﬁgl W cont rol

devi ce 34 aspradd3cedepicted in FIG 16, any appropriate nunber may be used in
practice. After the fluid 32. flows out of the end 43 of the flow restrictor
30, the fluid entdtsrttie dhapthe’? IBows fottheiStendnd383 4B ke fhewfl ow

restrictors 24 efd ap, .t cfluid 32.is forced.to r e direction
twice beforegesetn%%rt|8%g§(%'h(lcae,hgng&\’féI S'lecgﬂ“e eo%vﬂé)mebset%r i3tgt' orf%}.h%The abr upt
change inSdieedt i38n ¢ausesheufbon ewsericrdrse2d) 030 ofvethap, fhei d 32 and
results in acfud .'3%?i?r&%%‘éhetgrr%e%é"%%c{tggn Q1oL Festrictors 24, 30.

This pressure drop is uniquely achieve out the usé of small passages
whi ch m ght ebexdmg pheigged38rortdeedlowerestihet orA4t heThd wbduB? fl ows

through thezgﬂlaﬁger eRLa] S ofdeaudd sl VIIHBRARECSS WS FEOp JegHLts. The flow

restrictor
fluid 32 and results in a further pressure drop between the

10 flow restrictors 24, 30. This pressure drop is uniquely
achieved without the use of small passages which might

become plugged or ercded over time.

As the fluid 32 flows through the flow restrictor 24,
a further pressure drop results. The flow restrictor 24 is
15 helically formed in a manner similar to that described
above for the flow restrictor 30, thereby forcing the fluid
32 to change momentum within the flow restrictor 24. As
discussed above, the restriction to flow through the flocw
restrictor 24 may be altered by varying the length, inner
20 diameter, manner in which and/or number of times the fluid
32 is forced to change mementum, and other characteristics

of the flow restrictor,

Due to this flow restriction, a pressure drop is
experienced between the chamber 36 and the chamber 52 on
25 the opposite side of the bulkhead 54 in which the flow

restrictor 24 is installed. Any method may be used to seal
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15 helically fornmed in a manner simlar to that described above for the flow
restrictor 30, thereby forcing the fluid 32 to change nmonentumw thin the
flowrestrictor 24. As discussed above, the restriction to flow through the
flow restrictor 24 may be altered by varying the length, inner 20 dianeter,
manner in which and/or nunber of tinmes the fluid 32 is forced to change
nmonmentum and ot her characteristics of the flowrestrictor. Due to this flow
restriction, a pressure drop is experienced between the chanber 36 and the

chanber 52 on 25 the oFggglte side of the bul khead 54 in which the flow
restrictor 24"fsS§GEEaFedit AnY et ITGG a3’ e PusRdtho Pydkieads 44/ and secure
the flow restej céuurs a24thBdhdsnahdlesdallskhesidting®, br &dingsuebc as t hreads and
seals, welding, brazing, etc. Wien the fluid 32 enters the chanber, another
change in directwen itser&guiidr 88 éferishehd |ahadben, fdrmawhepowetizhgehe 5 openi ngs
56 whi ch providg.fl%id connunicatiqp bghme n.thg c%Pnb%r 52-and the fl ow
passage 42. APt &I 8% hy THOREH TFhé openiidgs 56:°%a tPFther Schange i n
di rectionsi sopegingsedé lorcH peotide d132dt confuanch iUt véen paesage 42. Thus,
anot her pressure dr s experienced between chanber 5 10 and the
passage 42. ICFa\%’GI’ﬁ %g‘é‘a?%a%% 9/:Lﬁ‘ﬁ)p‘faé;@flg?\gﬁze‘by%?ﬁ%’éeﬁsﬂ‘(”ilf‘?etghﬁoﬁlgf’he" art that
the confi gur aheosperfinyhesé nfd @urciosnd rcbbngeVvirc @iBdctiam shoveguirell GS. 17 & 18
and descri bed abgye HLOYi fieg e Je3ii30LS AN dLysd A e L8l pressure drop
another pressure drop is experienced between the chamber 52

10 and the passage 42.

It will be readily appreciated by those skilled in the
art that the configuration of the inflow control device 34
as shown in FIGS. 17 & 18 and described above provides a
desirable and adjustable total pressure drop between the
15 annular space 28 and the flow passage 42 without requiring
very small passages in orifices (although these could be
used if desired), and alsc provides convenient access to

the flow restrictors 24, 30 at a jobsite.

The various embodiments of the inflow control device
20 34 depicted in FIGS. 2-18 and described above have
demonstrated how the benefits of the present invention may
be achieved in the well screen 16. It should be clearly
ﬁnderstood, however, that the invention is not limited to
only these examples. For example, any of the flow
25 restrictors, chambers, flow blocking members, openings,
plugs, housings, manifolds, and other elements described

above may be used in any of the embodiments, and any number
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15 annul ar space 28 and the fl ow passage 42 without requiring very small
passages in orifices (although these could be wused if desired), and al so
provi des conveni ent access to the flowrestrictors 24, 30 at a jobsite. The
vari ous enbodi nents of the inflow control device 20 34 depicted in FIGS
2-18 and descri bed above have denonstrated how the benefits of the present
invention may be achieved in the well screen 16. It should be clearly
under st ood, however, that the invention is not limted to only these
exanpl es. For exanple any of the flow 25 restrictors, chanbers, flow

bl ocki ng nenﬁ@¢§xm$ﬁéﬁFﬁyS°f Bhegs mayohsiyrps, RaNtYad dsvashdWebREr el enents

described abevénPhabeohsed bme@é}%sofar&%s%rm@glmmesst@m any nunber - 35
and conbi nati on of these may be used, so that a vast nunber of conbinations

of el ements APECIRSESIEBN® REHINCaPLes 19f thAcKHISsEASRng princi pl es of the
invention. In addition, other elements (such as other t¥pes of 5 flow
restrictors, filtdr 288iFiYhs OtBEE . 91emePthelMiGhses tA/NEd T¥RES tHose descri bed

above in keepipg zvustthlt:b@rsprlfn@t@i ?%&ﬁoné hetknyemdy or. skest iexaeyl e, any of
the flowrestrictors 24, 30 , 62, 72, 74, 78, 80, 100, 118, 120,

122  descri b&Ar HMAE E8BTTERSE F‘B?.)Y%d’é‘dkﬁﬁwg Yitlothed PEANFIRIGSpBEat e, a

hel i cal f|0V\4QﬁEhlrWethlbﬁr tpeRe e Rimd 1, HAYSo £ fthewpadh restec@srst hose descri bed
in US. Patent No. 112, 815 the entire_disclosure of MhICh15% i ncor por at ed

herein by thi élr%ﬁaaﬂ@mcé 72, 74, 78, 80, 100, 118, 120
described above could be replaced with, or could

10 incorporate, a helical flowpath or other type of tortuous
flowpath, such as those described in U.S. Patent No.
6,112,815, the entire disclosure of which is incorporated

herein by this reference.

0f course, a person skilled in the art would, upon a
15 careful consideration cf the above description of
representative embodiments of the invention, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
these specific embodiments, and such changes are within the
20 scope of the principles of the present invention.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration

and example only.
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O course, a person skilled in the art would, upon a 15 careful

consi deration of the above description of representative enbodi nents of the
invention, readily appreciate that many nodifications, additions,
substitutions, deletions, and other changes nmay be nmade to these specific
enbodi nents, and such changes are within the 20 scope of the principles of
the present invention. Accordingly, the foregoing detail ed descriptionis to
be clearly understood as being given by way of illustration and exanple
only. - 36 Clai&ﬁ:_ 1. Awell screen, conprising: a filter portion; and 5
at least one flo rictor configured so that fluid which flows through
the filter portion also flows through the flow restrictor, and the fl ow
restrictor including at |east one tube which forces the fluid to change
momentum w thin the tube. 10 2. A well.screen according to claiml1, wherein
the tube is curﬁ%d sé‘%é?& ggﬁge?hﬁéngffg¥ﬁﬁtes direction between its ends.
15 3. A well screen. r di 0 im2, wherein the directionis a

| ongi t udi nal diré%?fgﬁggigh%gﬁéfIQ%%reen according to claim1l1, wherein the
tube is helically,faqg

eggg'one flow restrictor confiqured so that fluid
which flows through the filter portion also flows through
the flow restricter, and the flow restrictor including at
least one tube which forces the fluid to change momentum

within the tube.

10
2. A well screen according to¢ claim 1, wherein the
tube is curved so that the tube alternates direction
between its ends.
15 3. A well screen according to claim 2, wherein the
direction is a longitudinal directien.
4, A well screen according to claim 1, wherein the
tube is helically formed.
20

5. A well screen according to any of the preceding
claims, wherein the well screen includes multiple flow
restrictors positicned so that the fluid must change

direction to flow between the flow restrictors.



20 5. A well screen according to any of the preceding clains, wherein the
well screen includes nultiple flow restrictors positioned so that the fluid
nmust change direction to flow between the flow restrictors. - 37 6. An

i nflow control device for restricting flow into a passage of a tubul ar
string in a wellbore, the inflow control device conprising: at |east one
flowrestrictor configured so that fluid 5 flows between the passage and the
flowrestrictor, and the .flowrestrictor including at |east one tube which
forces the fluid to change momentum wi thin the tube. 7. A device according
to claim6, wherein the itfdev sontxlcdpveee o1t hattaled ipabblad t er nat es

direction betueen ifhSsafddse 8tuk9uﬂaerV's€§1r?d3fi?JQ' W el atia 7, wherein the
direction is a |longitudinal direction. A device according to claim 6,

wherein the &0BEW [CONREPL c%vllffef%?“i‘?édﬂ‘l@ A devi ce according to any of
clains 6 to 9, 20 wherein the device includes nultiple flowrestrictors
positi oned so that tRasSH M FAOYt STHERGECTHIGoBELpFPd 6O FbF TetiReen the fl ow

restrictors. 25,5 RBween the passage and the flow restrictor, and the
flow restrictor including at leasit one tube which forces

the fluid to change momentum within the tube.

7. A device according to claim 6, wherein the tube
10 is curved so that the tube alternates direction between its

ends.

8. A device according to c¢laim 7, wherein the

direction is a longitudinal directicn.
15

9. A device according to claim 6, wherein the tube

is helically formed.

10. A device acceording to any ¢f claims 6 to 9,
20 wherein the device includes multiple flow restrictors
positioned so that the fluid must change direction to flow

between the flow restrictors.

25
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