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WD 2008/ 004875 PCT/ N0O2007/000204 1 5 10 Method for
fl ow control and autononous valve or flow contro
waeswsoels7yhe present invention relates to nmet hpdr/NoR007/000204
sel f-adjusting (autononously adjusting) the 15 flow
of a fluid through a valve orlflow control device, and
a self adjusting valve or flow control device, in
particul ar useful in a production pipe for producing
oil and/or gas from a well in an oil and/or gas
reservoir, which production pipe includes a | ower
drai nage pipe preferably being divided into at |east
two sections each including one or nore inflow
control devices which comuni cates the geol ogi ca
production formation with the 20 flow space of the
dr ai nage pi pe. Devices for recovering of oil and gas
fromlong, horizontal and vertical wells are known
from US patent publications Nos. 4,821,801, 4,858, 691,
4,577,691 and GB patent publication No. 2169018. 25
These known devi ces conprise a perforated drai nage
pipe with, for exanple, a filter for control of sand
around the pipe. A considerable disadvantage with the
known devices for oil/and or gas production in highly
per neabl e geol ogical formations is that the pressure

MethddtiBeisW gbﬁﬁ&earm moha%ﬁéggﬁxee&%ﬂﬁ%ﬁdtﬂ% \kljvléviha‘(‘:: |h§n
The Rrasedt [vBatioselaipedoRethariiipk selkariting 4eulgpamauslidgiisting) the
flovt bea3lid eseuyia vaine of llewdcaitrragevicepeanaid selfladjustsgvalve or flow

cor#r%?%é\‘? g |rﬂf%ﬁ%tﬁ§|“u§efult|ﬂea 896?1@&1(%8%8 1} hroo%%ﬂfgg&l &‘?Lflpr gas from

e reservolr nto
a widdnears eil apgfareggsorasiengliy whighe m@t&tloaunlp%mlw@ﬁs gdawer drainage

plp@rﬁgfé‘?%i %lﬁgﬁ“oﬁw@@@ﬂﬁto\/\aﬂ leakh @6 fsicEoRs daen. mcMﬂInl@ one or more
|nflcp\6,cﬁg{rqu%wcqsh\gﬁgﬂlQgr:%npglﬁgyesgﬁ%%ﬁlo(ﬁ? 9l o%qﬁlﬁnoafformatlon with the

flove spageyof the deainbgewipef. unwanted water or gas into the
dr ai nage pi pe 35 downstream where the velocity of the

oil flowfromthe reservoir to the pipe is the
Deyjeesatasgecovering of oil and gas from long, horizontal and vertlcal wells are known

from US patent publications Nos. 4,821,801, 4,858,691, 4,577,691 and GB patent
publication No. 2169018.

These known devices comprise a perforated drainage pipe with, for example, a filter for
control of sand around the pipe. A considerable disadvantage with the known devices
for oil/and or gas production in highly permeable geological formations is that the
pressure in the drainage pipe increases exponentially in the upstream direction as a
result of the flow friction in the pipe. Because the differential pressure between the
reservoir and the drainage pipe will decrease upstream as a resuli, the quantity of oil
and/or gas flowing from the reservoir into the drainage pipe will decrease
correspondingly. The total oil and /or gas produced by this means will therefore be low.
With thin oil zones and highly permeable geological formations, there is further a high
risk that of coning, i. e. flow of unwanted water or gas into the drainage pipe
downstream, where the velocity of the oil flow from the reservoir to the pipe is the
greatest.



10

15

20

25

30

WD 2008/ 004875 PCT/ N0O2007/ 000204 2 FromWrld O,
vol . 212, N 11 (11/91), pages 73 - 80, is previously
woe@s0048a5 di vi de a drai nage pi pe i nto secti onBRCNDR007/000204

one or nore inflow restriction devices such as sliding

sl eeves or throttling devices® However, this reference

is mainly dealing wwth the use of 5 |nflow control to

limt the inflowrate for up hole zones and thereby

avoid or reduce coning of water and or gas.

WO A- 9208875 descri bes a horizontal production pipe
Fror‘ﬁ%ﬂh%lpg/of" 2p|I2ur,\pI1|1t 1%13r Eé%?@ LOgh 91§‘f)ﬁ'é\ﬂ6‘§sl¥ known to divide a

cted by m Xi
draifRgEEIRg Int SeetRgs i o&eo@ru@prwf@&fa%ﬂ%t%er Prvices Sih as siding
Ieeﬁé@@#qmoﬂﬂng elelicessHomBPEI, Sis abferan@ Isaatiipdeelind wntbrthe use of

ol Sy R PR S 050 Y s e8P o o reoes

conitigfdf evagert antl angasr creates fl ow turbul ence and prevent

the runni ng of work- over tools 15 When extracting
WOTh$PB885E dfsbean Tanapiel suolih e USRS og pluralty of
produdtidn ssgetipns Topnectedeloly mmdgfdfmmmﬁrsamvmg 8 larger internal diameter
tharﬂﬁg ng\{o%ﬁcnéﬁ\gg&%nggTﬂQ p'if(gk‘f‘uo%ﬂ%%ﬁ{tansoéorﬂklﬁéé 5H é?(fterhﬁﬁsmtted liner

nown

de
whiclr eanthe considerad aguresiorpinaadiitesing agion: dlowayer; fgﬁ gegluence of
secBbnObi giffgrsnt Aanete? lcre®Bs o ANISN& ahd @irévartlthg irviening of work-
ove T?RP osition and/or quality. 20 Wth the present

[ tion is provided an inflow control device which

is self adjusting or autononous and can easily be

Wh%li\ te&?r? r{e?; Sl B Uy ga?ffrcﬁ‘n BRgdal FboRJcﬁSn Q@Hnélﬂbn%hflwdé of different

here provid or t r tools.

The
qualiss, de- o, gasi Yakd (@pd cgng} l%@*@%&ﬁgg Héf’&gezﬁ”t FRQUESy {2l mixtures
. dep@ﬁdr’ngrorgahse prefierty vatealitprd the falhatidno Neme oblthe hbove-mentioned,:

o 146 B b B3r S0P 10 B O o or e

on edasis dfsheisrriative eRmMposition pager nuakgé forces and high -
With %@ Feht Bivenhb® eploviddaaak inflswnsontidi Hieeice mirien is self adjusting or

e S5 SRS U BURLYo§ Bt A W vt
provitiedpr thehesenef wodk-averaodisng htao:lewueeﬁtdezsngnegi to “distinguish” between
the SRAAGLE GRS SRS WaRE driteist Abls GoTdomirdl thE @ oRMflow of oil or gas,
depending on which of these fluids such flow control is required.

The device is robust, can withstand large forces and high temperatures, prevents draw
dawns (differential pressure) needs no energy supply, can withstand sand production, is
reliable, but is still simple and very cheap.

The method according to invention is characterized in that the fluid flows through an
inlet or aperture thereby forming a flow path through the control device passing by a
movable disc or body which is designed to move freely relative to the opening of the
inlet and thereby reduce or increase the flow-through area by exploiting the Bernoulli
effect and any stagnation pressure created over the disc, whereby the control device,
depending on the composition of the fluid and its properties, autonomously adjusts the
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30 inlet or aperture thereby formng a flow path
t hrough the control device passing by a novable disc
woromsoog7nhi ch i s designed to nove freely rel aPC/EOR@7/000204
t he opening of the inlet and thereby reduce or
increase the flowthrough aread by exploiting the
Bernoul li effect and any stagnation pressure created
over the disc, whereby the control device, depending
on the conposition of the fluid and its properti es,
floweoft ihe o bayed dnus pse-ebEMEVIZ0B HE6IGA s defined in the characterizing
07/ 000204 3 flow of the fluid based on a
pongﬁgéks%ﬁhgted fl ow design, as defined in the -
characterizing portion of claimi1. The self-adjusting

TheV%lflﬁdj%tn?g?%W@ord@bﬁtﬁﬂ? delviceher ihRVIRRERh isScharacterized in that the
is a

configl4BPE 578, SeRRuRE: Op MBI KAth of | BpT i chefirg) amangement,

incladingagiiseat freely mbvatiengorirairgbady beieglpyovidedi @ recess of the pipe
wallc&nbélﬂéﬁﬁr%%dgeqﬁ é’%bggra‘i’é q%axgt?ﬁ lb&jf‘mr ﬁfee%Hthet 8Rc or controlling

arate housin

bodwcﬁwng ihe Rulsicatian ahartuge ok hole @éh?rC@lanPr&i‘ %WSﬁgamglsmg body
andt ben@Welcein Pihcaiin #erdadse aIthdusing bodyt bg neeantsr &f athotdee device or

arrqn@%ﬁgei\t oﬂweﬁ%@é :kﬂﬁ'\ ﬁ@f}% le{;i)m ﬁetg\ﬁ{évﬂg@ ?IJ\% fqug{j %k’\gecr? th@ (t,d?ﬁrol device
through dhe aegfearaperiurg ardipt flomnnipwards snd giang tRﬁéirl@ @iH@dy and out

of thé %Qes%”blehéuélh@ ‘éQrHe'ﬁﬁbdqﬁVthé%haﬁ’&ft@Hﬂﬁg tdeeticredt ted independent
p4erture or inlét flow ng towards and al ong the disc
clai body and out of the recess or housing, as defined
in the characterizing portion of the independent
nt ‘
e a2 o aa <0 OF TRers alie firodippaf 12h Mftenton
invention wll be further described in the follow ng

Thebiﬁrelééﬁﬂﬁ\v@ﬁtlcﬁxWb@ﬁgﬂh@ﬂd’ewﬁibbd rieftes ﬁdjmfwm@ bt/hﬁean? of examples.
ows a schematic view of a
a“dp"}"ﬂh[?g‘%e‘&ﬁeﬁ?ﬁée%at"% %sg%}ﬁré device according to

the present invention, Fig. 2 a) shows, in |larger

Fig spal;e 8h6hOSE SGMAR Qlevi N 5%1‘06%’[1&?%5@ Wi#e od dodrol device

he lnvent|on b) shows the Ssame device in a top
Vi ew. chcordmg to the present mven’uon

Fig. 2 a) shows, in larger scale, a cross section of the control device according to
the invention, b) shows the same device in a top view.

Fig. 3 is a diagram showing the flow volume through a control device according
to the invention vs. the differential pressure in comparison with a fixed
inflow device,

Fig. 4 shows the device shown in Fig. 2, but with the indication of different

pressure zones influencing the design of the device for different
applications.
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Fig. 3 is a diagramshow ng the flow volunme through a

control device according to the invention vs. the
waledoBeo4snt i al pressure in conparison with a fiRedNO02007/000204

i nfl ow device, 30 Fig. 4 shows the device shown in

Fig. 2, but with the indicat ion of different pressure

zones influencing the design of the device for

different applications. WO 2008/ 004875
. PCT/ N02007/ 000204 4 Fig. 5 shows a principal sketch )
Fig.o% anot $rawegbpdneipak skatch i amibeoenbogirnent at &g donjol device

to the aeerdihethdingenforshows a principal sketch of a

third enmbodi nent of the control device 5 according to

the invention, Fig. 7 shows a principal sketch of a :
Fig.Bour t h shdyadiameninciptl skeichooit aothirdeembedinaertoodithey coatrol device

the inv [ ' hows a principal sketch of a

fifth eg oé@ﬁg%%%{lntgﬁgﬁ?'ﬁventi on where the control

device is an integral part of a flow arrangenent. Fig.

Fig. ¥ showsshdfs st piitsipaborech af e tduneh epibadiieat oe tth®tontrol device
pi pe 1 In whi e of a 15 control device 2

i.C roto
accordi?1%00{%'“9Ijﬁ%%i“%\pgﬁf'{-l is provided. The control
device 2 is preferably of circular, relatively flat

Fig. ghape _agh\way éd?ﬁcﬁj’a%kéil_%ﬁ oM fivtE Shipodhe it BiaRE Snvbriti®R8vhere the
Fig. 2) to be scre ci.rcular hole with

screwed into a
cor r espeRTHiGh §evige s ﬁ%wnt?aﬁagaa% of g TloMkamaRgement.
controlling the thickness, the device 2 nay be adapted
to the thickness of the pipe and fit within its outer
_and inner periphery. 20 Fig. 2 a) and b) shows the
Fig. dowhtons, agsiated apovh, ¢ apefian efchP@dutiien gingi tin Wbigbiasprototype of a

contpd! devicato a@ﬁo%@mgh@meéim@gﬁém dredied. Thé Bostfol@evRie 2 is preferably
n IL.nher

o i U, ¥y 5o A Lo SEEBREY e i 2

1o bdisrewddpeid doirdelar hotedwitli agdirtelspandiogtirtereall threshdscial the pipe. By

confFSEMNe Sickhes¥ehb @RI Pheleb@BbYplddab tHb ShicRieds &8h¥ pipe and.

fit within its outer and inner periphery. '

Fig. 2 a) and b) shows the control device 2 in larger scale. The device consists of first
disc-shaped housing body 4 with an outer cylindrical segment 5 and inner cylindrical
segment 6 and with a central hole or aperiure 10, and a second disc-shaped holder
body 7 with an outer cylindrical segment 8, as well as a preferably flat disc or freely
movable body 9 provided in an open space 14 formed between the first 4 and second 7
disc-shaped housing and holder bodies. The body 9 may for particular applications and
adjustments depart from the flat shape and have a partly conical or semicircular shape
(for instance towards the aperture 10.) As can be seen from the figure, the cylindrical
segment 8 of the second disc-shaped holder body 7 fits within and protrudes in the
opposite direction of the outer cylindrical segment 5 of the first disc-shaped housing
body 4 thereby forming a flow path as shown by the arrows 11, where the fluid enters
the control device through the central hole or aperture (inlet) 10 and flows towards and
radially along the disc 9 before flowing through the annular opening 12 formed between
the cylindrical segments 8 and 6 and further out through the annular opening 13 formed
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25 novabl e body 9 provided in an open space 14 forned
between the first 4 and second 7 disc-shaped housi ng
wae@sieisder bodi es. The body 9 may for parti cuP@r/N0O2007/000204
applications and adjustnents depart fromthe flat
shape and have a partly conicdl or semcircul ar shape
(for instance towards the aperture 10.) As can be seen
fromthe figure, the cylindrical segnent 8 of the
second di sc-shaped hol der body 7 fits within and
betwrasir indesylindrichiesdmempdsiand 8li The tiivondiet-shaped toasing and holder

ol 4 A BETRD b P By 4 S LSRR Uner means
(nod furggy shewnip dheligurest aia gorrratios aread S@srahayin indvig b).
through the central hole or aperture (inlet) 10 .and

I owar ds and ., radi al | I the disc.9 hefore )
The, B85erh WReATan SinehE e ebol sl Ao tedihing W esum of stati
presperes gynaic prakswegnelristidh srobnétamdidng 4 fiew linst

t hrough the annul ar opening 13 fornmed WO 2008/ 004875

PCT{ N02007/ 000204 5 between the cylindrical segments
P8 tanev’s: Apthe. t wo di sc- shaped housi ng and hol der

bodtes 4, 7 are attached to one anot her by a screw

connection, welding or other nmeans (not further shown

' ' o tion.area 15 as sho i n . .
Wiigh Cufocth§hE 249 18 o IE HEh, RBILE NG e8S il WBosBpont invention,
thegiregsirp gliffareneeavgfithg dise cambe sxprassedtastfotows:

pressure, dynami c pressure and friction is constant

along a flowline: Pstatje + 2 pv2 + APfr;etjon 10
Apyhe @u}@j'ep,t,&ragjl‘;g,gge]ﬁi@é 9toafluid flow, which is

the case with the present invention, the pressure

di fference over the disc 9 can be expressed as

| e 2 APQURS 4) ,
DUk i\l s SR PIRAR B LARIRER Lt v
alogg fhe disglawards its,prter #ndr(indigaied by referenea Rembear dhgrhis makes a

higmdaestdgmio;nqmsgﬂeim qu)ate%r 1H@Qﬂthéi é]?j @ﬂht@@iéwg,f\ﬁﬁi@lﬁ P makes a
. S . r nati pn pressur.e.
oSt ovol he o By MG B H B0 Y e spece
betyare shexdishishiaped podiesut, &, sk mavealatirsvarddaddithereby s@rrow the flow
th beeditHeSdib LA Ll -
P e di ac. Sha ege‘ib”gd?ﬁ‘é‘éa%'ﬁ‘%‘m %ﬁei'brﬁn%ﬁees %&%@@d@g\g%‘]w% dawn
warplﬁ gmwadgr(gqugg\q ey e viscosity of the fluid flowing through, whereby this
principle can be used to control (close/open) the flow of fluid through of the device.

Further, the pressure drop through a traditional inflow control device (ICD) with fixed
geometry will be proportional to the dynamic pressure:

1
Ap=K -— 2
\p Zﬁw

where the constant, K is mainly a function of the geometry and less dependent on the
Reynolds number. In the control device according to the present invention the flow area
will decrease when the differential pressure increases, such that the volume flow
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segnment 6. Thus, the disc 9 noves dawn- wards or
waipeos@oss dependi ng on the viscosity of the flRCTINO2007/000204

flowi ng through, whereby this principle can be used

to control (close/open) the f®ow of fluid through of

the device. Further, the pressure drop through a

traditional inflow control device (1CD) with fixed 25

t t he d
eoBGR T Rl BB BEAR) R h e I e BRRB o
mcréé‘&é? ABh P ArisdMChdtReEn ALRPMGEAEVIEE abb&dindOioRey pedsdmt invention
unmber. In the control device according to the present

withi moahle eiscand & Feuiraliayicoi fmck feuderowdB PPeRig is Shown in Flg

ol S SRR S PSR 0B A KSR non

is camstamicibode\d gieenvdifferetial poessuear |y not i ncr ease when
.the pressure dro |ncre A co ar|

Thig Gy e B ! R agn g o §1¢ R HALLRRN TS ge e pe sed t

enstitd therRYRPUSuHeSTovARg tiro GG ehoh sd@hﬁrﬂférﬂhé bnfilexesizontal well,
rovv-throughoenln is shown in Fig. 3, and as can

whigfeisgwd possigle Wil fixediiflew qanrol fevicehir ough vol ume f or
the present invention 5 is constant above a glven
r
wohEFIEI o e85 58 soBhih E55fg % W ooy mgy hve wo
diffdrent ammaﬁortéﬁ d‘dssmg)m a\ssmhfume chhtooli degldehocragmeamﬁlbw of water, or using

section tire, horizont I. L] ich is not
it top@élpﬁﬂéff 0 b H9 PIeat, tBRHeR ol QP%eM‘efodW”Q the control
dev%%&'rd\ﬁg % |thé‘ﬂﬂ/eﬁ\%§ntfbﬁth%0dmféﬁént dpplicaiorcawndad watér or gas, as
the invention may have two different applications:
mendisingg AoV tHendlBrems @reasANdBIRSSEIrg GORaH BTN Buiigr 4. will have
f
mpH 6 A, ar 108 RUGETrofoBY o nStyRe, Rfering to Fig. 4,
the differem aacaiprebsuge zonéhmaly becdivided iftor t he di f f er ent
application such as water or gas, as nentioned above,
the different areas and pressure zones, as shown in

- Afl 19 isdhe Wilbw é}@&%nh%ﬂeﬁﬁ%tre@;s\edm@%efrﬁé ¢6reBqR;- A@dgérie@med by this

hrough properties of the device eferring to Fi

‘prssure wdll strige dmppan &g perisd gewicedmeyertay diss HURVAEES).i nt o:

- Ag,l.ﬁA?sf tgF]aé'E% Q%BZ)I%Q%L&% \é}'} g{e:%)r%;\ﬁ?%{egtﬁélx’;efocﬁ? WALEE 1a¢§E &t and hence

represents a dynamic pressure source. The resulting force of the dynamic pressure will
strive to close the control device (move the disc downwards as the flow velocity
increases).

- A, P3 is the area and pressure at the outlet. This should be the same as the well
pressure (inlet pressure).

- A4 P,is the area and pressure (stagnation pressure) behind the disc. The stagnation
pressure, at position 16 (Fig. 2), creates the pressure and the force behind the disc.
This will strive to close the control device (move the disc downwards).
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prssure wll strive to open the control device (nove

the disc 9 upwards). 20 - A2, P2 is the area and
w@e@ssmses i n the zone where the velocity w || BEI/NO2007/000204

| argest and hence represents a dynam c pressure

source. The resulting force off the dynam c pressure

wll strive to close the control device (nove the

di sc downwards as the flow velocity increases). - A3,

P3 is the area and pressure at the outlet. This should
Fluigs withedi§aramt yiscosidiesuatil proz@e;ﬂ«fé%@ut t@rQesﬁlneQaOeré%@Ld@ﬁndmg on

the&e‘g@ (f Ah)’]é%e %&ﬁ rﬁgro%wo Bb g(éazﬁac?&‘i@f érﬁ‘f{le%vg through properties

of thé cpnﬁroltd(m‘celmé Ee@gn 9 thecaireats a\all bédifferesisior dlfmnehttdwllcatlons
force behlndt strl\éﬁtocos

o.0cGhTPbH QUYRIE T \Vﬁenpﬁefoa eaeM ol s 166 e carefully
bal &R wgaﬁnw 6@@3@&7 f&ﬂ%}ﬁﬂﬂ) at?co'ﬁhﬂtﬁéspr‘ﬁbbﬁle@'efrfd%rﬁféical
viscosities wll provide different forces in each zone
COWM\SC(V!SQOS)W, tetm@eraagegpre@suner@gé foraaeh dasignsitationo
optim ze the efficiency and flow through properties
of the control device, the design of the areas will be
Figdb sheweat prineipaliskéteh @ﬁbnatbmlr ecdodiment ofethg cogisl adviceoaccording

wat.er fl ow. nce, for h.a tion, th ar eas
to (e snentigh e s PR 16 SHaPIE SIS ERAN e VG Showr fFig. 2. The
corfi®t bievied ot@sigs,  23tvitteatsioh RBOWH AR Eid. 122 Bf alfst disc-shaped
hysi cal condi ti ons (viscosity tenperature pressure

hm&urtg odod withean eléter gﬂl@.rlpala&qg@aﬁntﬁ and wits gegatial hole or aperture
10, rfdngb@@dndséﬁgé %Haﬁ%d ﬁ?@bp%g)gﬁ?%ﬂbgﬁﬁltdg het g?é?gts:g'rtge housing

evi ce accor € I'n Ion
bodyi Ayrdsewelbas grprefmably et disc €i mravigdhdvman wpEn gspaze 1%Hermed between

thediaand seoend dies-snapeil 15uid and Bolbkh Bt ddnBllgugr. since the

‘ sed@hamuﬁﬁsmﬂ@r hééd sty Fals |ﬁ@armvlbp&1 anebu@#t&hmeaﬁnw@é 23 etc.)

hol e or aperture 10, and a second disc aped hol

ancb@dapvwnlathoéwn@awq dise ineplasenand siscefhe ﬁﬂmaggh §RYMeRY Gyis shorter
wﬂﬁla Rfferdht lov??afho raﬁg/@ri)eﬂ% ¥h5\hﬁiqqﬁfgsé: tﬁer%rIQYubdcﬁHﬁd'dg) &stagnation

pen space et ween and seco
predsmre (E’ta)a(pmmdﬂmmq side ahthendibcl @rasbogplaised abdde inHemwreation with Fig.
di s sha ed h

4. R e ReBa R SGRaLon BB o0re Pty HickhstS oy e device i
lowe? aR@MBNvithdtahd ianargeh anfbupe of parfities eoneditedinige flukie
cylindrical segment 5 is shorter
Fig. 6 shows a third embodiment according to the invention where the design is the
same as with the example shown in Fig. 2, but where a spring element 18, in the form of
a spiral or other suitable spring device, is provided on either side of the disc and
connects the disc with the holder (7, 22), recess (21) or housing (4).
The spring element 18 is used to balance and control the inflow area between the disc 9
and the inlet 10, or rather the surrounding edge or seat 19 of the inlet 10. Thus,
depending on the spring constant and thereby the spring force, the opening between the
disc 9 and edge 19 will be larger or smaller, and with a suitable selected spring
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with a different flow path than what is shown in,
Fig.2, there is no build up of stagnation pressure
wQ Bubp/oors7t he back side of the disc 9 as expl ai PeTIN@b@7®00204
in conjunction with Fig. 4. Wth this solution
wi t hout stagnation pressure tBe building thickness for
the device is 20 lower and may withstand a | arger
anount of particles contained in the fluid. Fig. 6
shows a third enbodi nent according to the jnventio

congiant.dqneadinesey g igflowandyresiye C\Wﬁ'lﬁ'of‘ﬁé‘t @?a?ﬁi?(éed place where
the%BﬁH‘Gl éi/ld:é ig- Fﬁrgwfig W lcoMapdif nfasid k\)ff‘gwrg {delfbe inﬁytb%eobtalned

formo or other suita I ng devi ce,
provi ded on either side of the disc and 25 connects

Fiorio Sals &t ehbRltBororetd nvklon 63300 ibols e game as
withaihe ex@miglelin Flag 6i aboveybainererbahaveiise d isgofitisesifle facidg the inlet
the inlet 10, qr rather the surrounding edge Qq

opepgias OArevinad afthbiheraly respBBENa ARy oo AT RgH element 20.
Wh%ﬁ &%Hmiaﬁi agﬁ)%"r BaY thd €oﬁtﬂﬁén§3m&? rr&ﬁdly‘dh%n@@ @RINME situation

ween | SC and ed | ar ger or
wh@meunllseor maaty il tsnorads«;ﬁad hvoa élt@@oaébw@@respﬂy ngmw@tly gas is produced

(o= RN o1 S P WP RE nsfo e bR L SRETS i from 100

barphatenpératge drog woalt cm’resﬂmndde appragxirasietesl) (Colgs tpamﬂdmg the

cisCRANE estHRIN T SRR0aN RERMER 08 25 BRTELAIC sigatast o Shown i

Fig d'PSthg RidcSwill 'B)%nﬁélﬂﬁ/afr‘és or bk ‘fﬁb\féﬂlﬁjpﬁ/ﬁﬂ@ b§ thé“ e@ngent@o abuttlng the
above, but where the disc 9 is, on the Side facin

holden sé‘[aped Fmdyﬁgaqcothepemn@rmmgﬁhe Qpen@gmwvgen the gISC and the inlet
10{)/@%9)99%'3 @sda‘?é('in(f& such as bi-netallic el enent 20.

en’ prodicing oiT and/ or gas the conditions nay
rapi dl y change from a situation where only or nostly
oi| is produce iituyation where only or nost -
TheaoveoRiBats o cpplel triheSHraagHS 4ie beRliomAnghoun in Figs. 1
anoV! Iahdf4°1 7'd?§taﬂriélﬁté%i @reﬁﬁﬁtiﬂn@ vﬂ'ié?@ 19é cél@tr&éﬁevfob%ﬁ @ is a
bar the tenperature drop woul d correspond t

sepatmiemtrﬁitd@vwem he, prgyldsﬂmpqnmgcwbwmd asf@mbﬂwnﬁuahon or
I I
arrér{b%h{a{t s)ggﬁgl Qﬁgﬁ)iaﬁ%f & ;gr@%tlot?ﬁgﬂ%ﬂig&w q‘ugﬁgﬁﬂg th& production of
oil anmhgaisiHowevee, te\oedtrobdevicks may, asshele ire fig. BObalamtmﬁeggal part of
hol der sha

the SHEHIHG cBPaEBRE s b heie hITRE Y PROARER S (s 21 facing
the @u@si sfdarbapétturdlthole 10 of for instance a wall of a pipe 1 as shown in Fig. 1
in stead of being provided in a separate housing body 4. Further, the disc may be held
in place in the recess by means of a holder device such as inwardly protruding spikes, a
circular ring 22 or the like being connected to the outer opening of the recess by means

of screwing, welding or the like.

The present invention as defined in the claims is not restricted to the application related
to inflow of oil and/or gas from a well as described above or when injecting gas (natural

gas, air or CO»), steam or water into an oil and/or gas producing well. Thus, the
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15 The above exanples of a control device according to
the.invention as shown in Figs. 1 and 2 and 4 - 7 are

wabkdosneisat ed to sol uti ons where-the control derCT/NOA®7/000204

such is a separate unit or device to be provided in
conjunction with a fluid f1 o situation or
arrangenent such as the wall of a production pipe in
connection with the production of 20 oil and gas.

mvmggmgﬁg§hgé%%gﬁ?%é?ﬁkg%gg?igrgﬁﬁeagﬁygﬁﬁwﬂgggagﬁgwpéetheﬂowcﬁ
ﬂuldé/mﬁ aferbiegd aﬁﬁ/&r |

i bempositbaie deéd tabe eortsliell
facing the outlet of an aperture or hole 10 of for

instance a wall of a pipe 1 as shown in Fig. 1 in
stead of being provided in a separate housi ng body 4.
Further, the disc nmay be held in place in the recess
by nmeans of a hol der device such as inwardly
protrudi ng spikes, a 25 circular ring 22 or the Ilike
bei ng connected to the outer opening of the recess by
nmeans of screwing, welding or the like. The present
invention as defined in the clains is not restricted
to the application related to inflow of oil and/or
gas froma well as described above or when injecting
gas (natural 30 gas, air or C02), steamor water into
an oil and/or gas producing well. Thus, the WO

2008/ 004875 PCT/ N02007/ 000204 9 invention may be used
in any processes or process related application where
the flow of fluids with different gas and/or liquid
conpositions need to be controlled. 5 10 15 20 25
30 WD 2008/ 004875 PCT/ N02007/000204 10
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Claims 5 1. Method for autononously adjusting the
flow of a fluid through a valve or flow control

walensoesf(2), in particular useful for control | PONOR@®7/000204

flowof fluid, i.e. oil and/or gas including any
water, froma reservoir and il8to a production pipe of
a well in an oil and/or gas reservoir, which

production pipe includes a | ower drainage pipe 10
preferably being divided into at | east two sections
(1) each including one or nore inflow control devices

(2) which communi cates the @I%%ggi cal production

formation with the flow sp t he drai nage pi pe,
characterised in that the fluid flows through an inl et

or aperture (10) thereby formng a flow path (11) 15

t hrough the control device (2) passing by a novable

di sc or body (9) which is designed to nove freely

r eMathod foo atitomoommisiyn gdjvisting éhé rloat obadflyitldhetiigh a valve or flow

r e‘épﬁﬁop&evidengzy)ﬁﬂﬁ%rﬁ{lﬁarf LGB SAROIRHE M oPuid, i.e. oil and/or
explorting the'Bernoull1 effect and an stagnati on .
pr 888 REUdIng ANYWaIRE reRea &WQ'gﬁndm%r%Wcﬁwaon pipe of a well in
?l()fahrcﬂl aswui g&s resdevsndihich produetios pinzoiiciudes avibweherainage pipe
| : " .
|58 PR GEEE L A R TR (5 RaPbind B or mre
dediftpw contiel neeviers i (2) avbiahd aeceminicates| dhen geological production

Chag sdtRinl wittHefidwdpadess thb irdink§e pygposed of one or
_rmrcjb%ases an<|3|/or one Fh—@ re liquids. 25 3. A nethod
in

SAdahee fieth Ula 1 and 2, characterised in
t hahe fibil fidws throsgmaneanieard apeltureo(1Q)itheweiy farningad flow path (11)

bCHGER g7 FoRll, Bbyibiie) Rsepia Hidvanie disc or body (9) which is
( adtesignee de ynang feely relptiviic thet ?Rﬁm%(ﬂa the iplef apgthereby reduce or
Condrehsd Mge Hlbw-through area (Az) by exploiting the Bernoulli effect and any

stagnation pressure created over the disc (9), whereby the control device,
depending on the composition of the fluid and its properties, autonomously
adjusts the flow of the fluid based on a pre-estimated flow design.

A method in accordance with claim 1,
characterised in that
the fluid is composed of one or more gases and/or one or more liquids.

A method in accordance with claims 1 and 2,
characterised in that
the fluid is water and oil, or oil and natural or produced gas and/or GOx.
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flow of a fluid fromone space or area to another, in
particul ar useful for controlling the flow of fluid,

WO 2@8/00i875 and/ or gas i ncl udi ng any water, fronP@r/N02007/000204

reservoir 5 and into a production pipe of a well in
the oil and/or gas reservoir, llwhich production pipe

i ncludes a | ower drainage pipe preferably being
divided into at least two sections (1) each including
one or nore inflow control devices (2) which

comuni cates the geol ogi cal production formation with

t h% %f&@ﬁ@@ﬁe %bgn 3RO P Sonthh &é\ﬁé@%%x‘ ?@rﬁrolhng the

e con elsase arate or
paﬂﬁWofJf tehdIuid dfam fonsw SeaReroN areh rtgn@@w@% in; ﬁéﬁ@al%guseful for

a @bﬁ’égolgtﬁg tiemdw ofiabl.& siara/er gasnlgcmqmg 4r%) wheirnigom a reservoir
ovi In a

D OOt A aRal R abA bt o WS IRE i hgtBl oY resapvorr, which
walpkqdudtien diise imcludemnarlower dipibaghy p{®) pledetiably béieg divided into at
oufd £k nob s@ @?%EEMrﬁ:Iﬁmgghé H’rQ)re éﬁfld\@@oﬁﬁ&td&/l&% (2) which

the Fecess

pl ﬁé@mlﬂﬂlﬁfésr £e32010gigy Bﬁodﬁe{eﬂ iy Wﬁbntgﬁ' fitrpdoe of the

?f daalh@g@ipce devi Cﬁ or arrangemsﬂt (7, 22) , thereby
or a ere the fluid enters the
co m%?aoce éslt%hcg Ué] \éhcentral aperture or inlet

( 1the feantiohgdevieands d& senaraleoy inkrgral $arioof bibey fipig) flow control
an‘érr@ngﬁfeni hﬁldtﬁﬁ?gssa QJ'Sd"Q#Sfréély #Hovable controlllng body (9) being

ééjsta e val ce .acco
cl &

bl EGeSR (1) S50 PIBE. L) of Haing REVGR o Separate
devioasingduslysé} inothefwalls theddisc os bapiealing dpdy 49) faping the outlet of an

OULSBrifiv DlEM0). iH& tre2of réc@Q@r(z?)V } RBL&IRE! body (4) and
taﬁe pégf% ﬂ ﬁ ﬁﬁ%ﬁw@% d bi ;%6 g'

aper

an emgse%lena F&@%%ﬂhﬁﬂ@@e%@ﬂ)M) Ausing *a?mb(ﬂ)é}y means of a holder
gyldleﬂi@blcﬁaérr SR@ARIE (1,.822) ashavebl f@eniAg taaﬁGW@b.tW(ﬂl)aNhere the fluid -
I SC

d,bet e flr 4 e
S A RS b P B 10t
( 8)0\Mard|sramobzdoog1mejdlsc og hagy (B) ooyt of the retczeswqr Rusing. '
and protrudes in the opposite direction of the outer

cylindrical ment ofthefrtd - sh d bod
5. (4Sehanigayier g HeanD! Aevs BRpRaap GRETE The

characterizedinthat

the control device consists of first disc-shaped body (4) with an outer cylindrical
segment (5) and inner cylindrical segment (6) and with the central aperture (10),
and a second disc-shaped body (7) with an outer cylindrical segment (8), as well
as a basically flat disc (9) provided between the first (4) and second disc-shaped
bodies, whereby the cylindrical segment (8) of the second disc-shaped body (7)
fits within and protrudes in the opposite direction of the outer cylindrical segment
(5) of the first disc-shaped body (4), thereby forming the flow path (11) where the
fluid enters the control device through the central aperture or inlet (10) flowing
towards and along the disc (9) before flowing through an annular opening (12)
formed between the cylindrical segments (8 and 6) and further out through the
annular opening (13) formed between the cylindrical segments (8 and 5).



30 fluid enters the control device through the central
aperture or inlet (10) flowing towards and al ong the

wale®s/0048y5 bef ore fl owi ng through an annul ar opREI/NQ2007/000204
(12) forned between the cylindrical segnents (8 and
6) and further out through tAé annul ar opening (13)
formed between the cylindrical segnents (8 and 5). WD
2008/ 004875 PCT/ N02007/ 000204 12 6. Self-adjustable
val ve or control device according to clains 4 and 5,

6. c Beli-adjustable valve dr controbdévica aenordingpe icladme #synd 8,
pre\hiéirgcq;iéy\pfgotihqh ither side of the disc (9) and

the disc w

connect s y th the hol der (7, , ..recess

(28PEPG SRS O (A DEMWEOTCiRCiley Siesa B B gihd connests the
CofistalithdeitderqZ 022, rapelse (21)drhobisangi(4y, ¢ h ar a
cteri zedinthat the disc on the side facing

5 the aperture (10) is provided with a thermally
7. r eSpbresijustablevabie qraoniroldedce gegardiagjta staimlandbve or
copty 9} adevd £p7 8erAnAANY to claim7, char act er
: S%@e@?s_qlpr&n;%aqt (’Stlélegﬁéﬁganﬁllel %pgﬁg eor(]’F (5)V|es %(?(\)/\Iligeed (v%m a thermally
responsive device (20).
10

8. Self-adjustable valve or control device according to claim 7,
characterizedinthat the thermally responsive device (20) is a bi-metallic
element.



