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10 Method for flow control and aut ononous val ve or
flow control device" Enbodi nents of the present
invention relate to nethod for self-adjusting
(autononously adjusting) the 15 flow of a fluid

t hrough a valve or flow control device, and a self

adj usting valve or flow contgol device, in particular
useful in a production pipe for producing oil and/or
gas froma 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

whi ch conmuni cates t he geol ogi cal production
formation with the 20 fl ow space of the drai nage

pi pe. Devi ces for recovering of oil and gas from

| ong, horizontal and vertical wells are known from US
pat ent 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 devi ces for oiVand or gas production in highly
per neabl e geol ogical formations is that the pressure
in the drainage pipe increases exponentially in the

 Methgastor aamcdhfr@catﬂdcain@%rﬁousrm br Ry édmrof béw:é‘“r iction

Em .ogitrr{en‘g of gthﬁ %res\fgt%%\%u <§1 r%:latgl 0 mglr,? d 9 éelgq,dél_r H%gutcmoggusw 3djusting) the
flow é @ idid dhrapgh Red@ieasr Bow eanirel davice, audiatselfyadiistiog valve or flow
contam déﬂbegﬁ&‘paﬁlcg% R@eful ﬂi@bhﬁiu&ﬂ&? pip@itbr dﬂ);’ﬁﬁﬁ’olﬁ@ 8il and/or gas from

will _ decr cor
= will i 7P cRURE ol oo 80 BNt S TER P alidon A wer drainage
prpetmefeéaiay oing dww)edvmtm at Iviagt @w seetiens aeach kichiling one or more
:nﬂo@%ﬁft@}bﬂeﬁlcﬂﬁ g{m@ @t?’gg’fuﬂfcﬁﬁlb' A8 @eobg\%vég?z‘o%%tfgﬁﬁatﬁn with the
ﬂowm%%é & tﬁgagyaqerﬂ%et he g;ral nage pi pe 35 downstream
where the vel-ocity of the oil flow fromthe reservoir
Devites foh @ed@iv@ﬁhg 6f dihend @Q@‘h@?ﬂt long2hdTiRRaYehd %Fﬂohl’ wé'if%' are known

T 1A DA T e o
publiggiioa N‘hfa"@am'?est ri ction devi ces sucth as sliding
Thess lk@owa Hedicet BHMIpFbE A éﬂﬁvatéﬁ%lrarhﬁb@fflﬁé withNio? example, a filter for

contrBleéfeéa%Ce?rohﬁc'd HR ij\é An's%%re\%le dlsar&varﬂage V\}clth the known devices

for oil/and or gas production in highly’ permeable geological formations-.is that the

pressure in the drainage pipe increases exponenﬂaﬂy in the upstream direction as a

- result of the flow friction in the pipe. Because the differential pressure between the

reservmr and the dramage pipe will decrease upstream as a result, the guantity of oil
and/or - gas flowing from.the reservoir into the drainage pipe will decrease
correspondingly. The total ol and /or gas produced by this means will therefore be low.
With thin oif zones and highly permeable geoiogical 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,
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5 inflowcontrol tolimt the inflowrate for up hole
zones and thereby avoid or reduce coning of water and
or gas. WO A-9208875 descri bes a horizont al
production pipe conprising a plurality of production
sections connected by m xi ng chanbers having a | arger
internal dianeter 10 than the production. section's.
The production sections conprfse an external slotted

~liner which can be considered as performng a

filtering action. However, the sequence of sections
of different dianeter creates flow turbul ence and
prevent the running of work- over tools. 15 Wen
FRS i We ki T, ﬁillzﬁm an (919/91)‘ pagegED}- 60; s @evinustiucwo o divide a
%%rggg?%\gi%gsmt? gﬁgﬁ 13 \g% H‘S}% 1@%%étﬁét%§ debvicBs s@H as sliding
SRyER 05 ﬂ"aﬁiammdﬁmﬁ%é"owﬁi@héh’aur ﬁf&"%‘ﬁe fsn%‘aﬂ‘?" g%ﬁ&'{@/ wgp the use of
u(iﬂw b@:Ytrcﬂtho tilne therimithy ane fdlone hofe tdnes and thereby avoid or reduce
°§ ¥ Wg [q(rgg known devices are able to :

I'ng <A en and control the inflow of oil,
gas or water.' on the basis of their relative
wonpezmsamndemtbas ajuarizoytal Joodueten iRiRen teeMBIising ea plurality of

ﬁcﬂ" sé&%ﬁ{?tcbﬁ o@écpﬁif e dhafmbeny h%ﬁ‘m'gr@haréﬁvmmal diameter
|

. ﬁb—,é. tf]i‘-} Pf%?ﬂ‘%’?‘?? %eﬁ%l &g %P%ggﬁ{gﬁ eceglﬂ (ﬁé\}ﬂé}l %ctted finar
whichr efrobe cpnsiderdd Efsoiberfdmﬂﬂms@ f@ienwsomoav E‘PW?% e spgpence of

:;9&1\6;@ r%f bifrefes H%Wv't Sedh SbiviOuhte bed paeentthe raiding of work-

gas andfor water andis able to control the
OY§I 40P %r inflowof oil or gas, depending on which of
these fluids such flow control is required. 25 . The )
WIRMI cBrebing RiHet or adrromh gbsibgina pradugsorf fmrmeorantiits grrﬂlﬁerent

q'ﬁ'ggﬁ%éur es s g?%{g(gé(?] esrgé Ws gﬁ&?lée& o &ﬁf@feﬁf"afr@bnts and mlx’sures

- 'd@etmdmwrbﬂ}e prope@y prAHAITY Biind Bribpan “E}Pﬁﬁ?zft‘%ﬁgf"(?ém ntioned,-

krithepdbvices 3rd Sbla th urssmgmmu\:eem andh eoritrol Bhetindaw oftdiegas or water-

o el %o Bl o R ARG Ry Yoi‘vd{;c“ft ar

Enghegimeats of the prasent ipventen nuavdden iiow o8l AO14e; “E‘&htl%élfﬁﬁing or
awndndriops ghd danesasy be filel! brthg weallioha Prdraipranpe ard which therelfore
pr&ﬁ&m tﬁ? %@ég) WoriaBebrithis. ﬂ?@ﬁ@ﬂﬁ%ldﬁﬁigﬁe@m of shagMﬁ”lbetween

l? nn»é?%f*(?ﬂ' ops| AR nelor %Q‘r‘gr %ﬁﬁ & \égip to & rﬁﬂhgrf%qp&t iR ¥ BE or gas,

degeniide oniwhich Cétﬁw@a’él!dstwhi'@@’tqﬁﬁﬁ"% ’%%H‘rg‘i{wcl ud| ng one

‘m@rdé%%'r@fids WasQtHsainddartecie roaetand mghofmmeratmasxe\rmts draw . ‘

.da at\ | ca r oduc:?%gd\%ﬁé:gggwgh? L}(?\%ggtgﬁ?gﬁjguﬁgn, is
]

reiabla,hubmr@ﬁszapt&ﬁ ¥ery KBedby f or mi ng a f1 ow pat h
through-the control device passing by a novabl e disc
or body which is designed to nove freely relative to
t he opening of the inlet and thereby reduce or
i ncrease the flowthrough area by exploiting the
Bernoul Ii effect and any stagnation pressure created
over the disc, whereby the control device, depending
on the conposition of the fluid and its properti es,
aut ononmously adjusts the flow of the fluid based on a

pre-estimated fl ow desi gn.



In a second aspect of the invention, there is

provi ded a sel f-adjustable (autononous) valve or flow
control device for controlling the flowof a fluid
from one space or area to another, in particular

useful for controlling the flow of fluid, i.e. oi
and/ or gas including any water, froma reservoir and
into a production pipe of well in the oil and/or

gas reservoir, which production pipe includes a | oner
In drfastriaget pf (e ipreafiet, aldry isygbndedla wiethed foniodimduweBsidjusting

t sectipons each includi ng one or re inflow
the; SR o a dB4W ¢ ueﬂzn PcH Fo Rt cenes! PREC el Bgfiedpr useful for
coRFAEREE POw T1iGBId D& ot /ot B& théI0NnS RACRa®f, ffdd€a reservoir and
_ drai nage pipe, wherein the control device is a ] )
intg @npfpaYcaion mienglfeyy mel! ipaant oiband/oregas| raseavAir, owielo pradggtion pipe

inﬂd'e@rﬁ?ﬁ@:nn%ra%%%ibfgg:pggelg?lgi/h;%ggg&ivlfd@@ aley 2R4EPLS shagtions each

control Il in a recess of t
inghidieg wat |or omotge indlpwp contra edkviaes aviselp aomnsiniatesi g geological

body in the wall . the disc ar, controlling body facin
prefiEeg, Betosr i e 15y SpEE s BETRIER pirs BB nows
thrbiri]@l axeelﬁas()mpehoh tstmgebgofdmiggch ﬁeWn@mehrﬁuig}g th g@ﬁr_o’l @evice

t he recess ousi n ody . b, npans a hol der vj ce
passgahy aﬁ’@‘é‘i%g(?t dis¢ RE .bg%sy “%eﬁhms Signgd BWoxE HiciheFedattvR do the
opiind Qfﬁetiﬁétsarfdﬁﬁeﬁﬁf}écﬂbe geMbfebse b PGLHEdIRH GRat I%{aéxploiting

aperture or inlet flow ng towards and al ong the disc
thepBepowli effrgt ond 207 LHmati@c Prssusy Creeledi oNgr t‘%héhﬁ}ﬁr sdersby the

L.yert)on w . rt.he - L, bed 4 £.ok | oW .
cof NI el of RO IR BE chE R Al A Ml
autdnemsusfsadjustseheflowiod thelfblib sedios e persstiinatedi flw dfsigna

production pipe with a control device according to -

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

scale, a cross section of the control device

according to the invention, b) shows. the sane device

inatop view Fig. 3is a diagramshow ng the flow

vol unme through a control device according to the

invention vs. the differential pressure in conparison

with a fixed inflow device, Fig. 4shows the device

shown in Fig. 2, but wth the indication of different

pressure zones influencing the design of the device

for different applications. WO

2008/ 004875PCT/ NO2007/ 000204 4 Fig. 5shows a

princi pal sketch of another enbodi'nment of the contro

devi ce



according to the invention, Fig. 6shows a principa

sketch of a third enbodi nent of the control device
5according to the i nvent i o, Fig. 7shows a principa

sketch of a fourth enbodi nent of the control device
according to the invention. 10 Fig. 8shows a

princi pal sketch of a fifth enbodi nent of the

|IHVG§HCP9({1 a%iﬁ@tr & HaCnC&oh Othefield | (B6vidEl ﬁ@elf—ﬁﬂﬁgﬁﬂh (autonomous)

part o I'ow ar r angenent . Fig. .1 shows,, as sta
- abbeer favwseotrplodevide far W@U@Blt@n cm/ﬁféa flujd QiR onf, sgfce or area to

pr Oéﬁt ){,gﬂarfgulgr RS ?(g-tcro%olﬁ %{h@%}ogv FIRRd diengil bd/bh@s including

|aﬁv rovid ntrol device 2 is
pihefvenab fiymod msemul ad, intoed ptodyasiop Hipeae! @h@,ﬂeméh%l offeapd/or gas

b t | d t
Hgseé‘irﬂ?%lwglfﬂl pﬁ?%‘cﬂg% P‘r%rg E&él%dteﬁ :) ﬁcgwe\?vld? ahr(a%g? Fedpo n(%i)ﬂﬁ’ gb%mg divided

iR etNRhst b ERESorsNedch Engliiditg oBy o€ omire dhfléow g:ontnei devices which
thi ckness, the device 2 ma e adapted.to,th
tqqrrmwec@ﬁ:s dre ganlogieal Produgtion B W 10 Spacg gf the drainage

I—Fﬁar dﬂ BIREIH 0?9&:\}: éegls azseﬁirafér& iRtbgran e of BiR fluid flow control
ro e

Vi ce er scale. The device consists
Gaﬁ‘raflgmmint dndcdlsgalpéldc hb stlignovsbly @nifpiing bady heiwg provided in a

LLnd fei isc
iy Qfls{/]\ﬁ)‘{ f:qc ¢ pipg e% rrb % ]%8\%9&2%1:&: segéﬁiﬂe ﬁﬁgﬁélﬁﬁbocgﬁgm%i@ the dis

dir %ﬁntﬁdlﬁﬁgeﬁbcfwfhdlﬁg tixoolytle? ofmrt drpeanre(m;th@}e ipyth¢ eririe @4 the recess or
segment

f bl
fhpég{lg, 9@ M é. %@ﬂﬂ/g@ pre % %&%s\é %usm%p eo(r‘tliyg) rieans fﬁa holder

fRUIE S BEh ﬁi%ng hﬁeréw ﬁirmﬂlgaﬁ ﬂoa;qmﬂdzh&reoths cf}uﬁha'pasi the control
housi ng an bodi es. The bady

plevice chrpagh hp gpnt@qitap@ﬁge Shdnlet ﬂowmcr tow n?sy and along the disc or body

and out of the recess or housing.

The present invention will be further descnbed in the following by means of exampfes.
and with reference to the drawings, where:

Fig. 1 shows a schematic view of a production pipe with a control device
-‘according to the present invention, :

. Fig. 2 .é) shows, in larger scale, a cross section of the conirol device according o
the invention, b) shows the same device in atop 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 devicé 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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adj ustnments depart fromthe flat shape and have a
partly conical or semcircular shape (for instance
towards the aperture 10.) As can be seen fromthe
lgure, the cylindrical segnent 8 of the se
W‘ij?@@‘?“&ﬁ?ped hol der body 7 fits within and p?‘gﬂg%ﬂé’%’“‘m““
in the 30 opposite directiog of the outer cylindrica
segnent 5 of the first disc-shaped housing body 4
thereby formng a flow path as shown by the arrows
11, where the fluid enters the control device through
Fig. the cemhbab dYridcPal aRstEl Wi eanbiidredmbddimend of lieeveontrol device
t owar ds %ﬂgirqglﬁlh% ﬁhﬁfg the disc 9 before flow ng
througﬁlG I Spé 'ng 12 formed between the
cylindrical segnments 8 and 6 and further out through.

Fig. 5he anpubas LReMchal sReibhrdéred thi embodiment of the control device
2008/ 004%7@13 T/ 00;@,{0 0204 5 between the
AP rER{yeRt

cyl i ndA° ny d 5. The two di sc-shaped
housi ng and hol der bodies 4, 7 are attached to one
Fig. ?n 0: h ? fsh'b\?](rs ] %ﬁh@i\z&‘ap SiUse b'g fénfoum; &h?@diﬁfen@foh E!i?e FeAS! device
no r r .in the figures) at a connection
area 1§°§¥%EE§REW?WVEF% b).95 The present invention
exploits the effect of Bernoulli teaching that the
Fig. 8um of sfb@t laCpicaRs Bkéich @Y adhthCerabefiBshEofthd ifvdrgibh Qthere the

is con f Lne: G-

apr oot eocRRRe Buyitel edfordfal BibbemeatY, ui g
flow, which is the case with the present invention,
the pressure difference over the disc 9 can -be

Fig. ‘?)é%\ﬁé,saesdst%dfacﬂ&v&v\g section of a production pipe 1 in which a prototype of a
control device 2 according to the invention is provided. The control device 2 is preferably

-of circular, relatively flat shape and may be provided with external threads 3 (see Fig. 2)
1o be screwed into a circuiar hole with corresponding internal threads in the pipe. By

conirolling the thickness, the device 2 may be adapted to the thickness of the 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 ceniral 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 hoider bodies. The body 8 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 annutar opening 13 formed
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1,2 APover = EP over(P4) Ander(f (plya, p5j = 15 Due
to lower viscosity, a fluid such as gas will "nmake
the turn later” and follow further along the disc
towards its outer end (indicated by referen

““1%%5“4%?3 makes a hi gher stagnation pressurégpﬂggﬁﬁammm
area 16 at the end of the digc 9, which in turn nmakes
a hi gher pressure over the disc. And the disc 9,

which is freely novable within the space between the
di sc-shaped bodies 4, 7, will nove downwards and

betvBeh SRy c?ﬁﬂcfri@%ﬂ %értﬁré&f@‘@ a4 %t@-eb oﬂ@%eishgﬁ%r?iggﬁﬁiﬁg and holder

nd inne al segne
bodit s’ BRSO BRE ABOIT BY ScRirRN GPMEGUAN Welding or other means
(notiusihesshiowrmin thdnBighires) at o tanniestion hreauidhas sitvavred\Fig Bb)s
principle can be used to control (close/open) the
ThflovvoL,qui_d thro%%qgﬁf t he devi ce,. _ Furt her, ]
& REESSPEEVEREPTY Yo s gTted ofr Berneriarching thal the sum of static
pregsure,r dynacthivpreesrbGRY fricttdm i§ icxestaditalgepatowyine | | be
proportional to the dynam c pressure: Ap = Klpv2 2
whgre the constant, Kis mainly a function of the
Pageqmet +9pand | ess dependent on the 30 Reynol ds
nurfber. In the control device according to the
present invention the flow area wll decrease when
wheAeuBjet ey ®Btdist o 6 aSRA o i inventi
ISR SR SIRRTIR B SPRIE s SR o
PRGHGHIHENCORYFIN JEG iR PXRBESSIAS TREWSy not
i ncrease when the pressure drop increases. A
Ap COL arison betmeeq_d.cgntrol devi ce according to the
Popsr eSents T Reentiom Wiz movabl e disc and a control
device with fixed fl owthrough opening is shown in
Fig. 3, and as can be seen fromthe figure, the
Duer tookwven visaesityy a fluiek seeh as igas prilk Smeke ithey e ifayar” Sandsfollow further

alorgOma Lokt toNaRIStRoGieY BRd YinbicatcdNty AlferRFES BUfBer THY. Shis makes a

oo PR oL LIRS o8 e B o g ymates s
higher gigssgra eves g disec And dha tisa % wrhiahhis fraslyl mevable within the space
betwarn the aiistlshapbd bovild @) 71 HillAbvPaSHRARs Wntithérel e Harrow the flow
patr| Btwih S8 Ak G yiiich! SRomRal ¢ i, s cifng roves dawn-
warggQiUR-wards dgnsnging erppie \dsadsinef thestiuig fipwingdhiowghowhereby this

principiatoan Ibed@éidae chatroigBSSop &) tRWfiew dﬂﬂhi@rthr&ﬁh 6 tHeOddvics.

to reduce inflow of gas at gas break throug

i tyations. Wien designing the control device o
Furfiere B prREPtie CRORNTOHEbIA el iiow enioplsieviee (OD) with fixed
geoBBY Willtld POpSHIBRaAS INBHPTarib pidssurdS mentioned above,

the different areas and pressure zones, as shown in

Fig. 4, will have 15 inpact on the efficiency and

fl ow through properties of the device. Referring to
Ap=ﬁK8¥Pﬁ, the different areal/pressure zones nmay be

di vi ded into:

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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- Al, P-1is the inflow area and pressure
respectively. The force (PrAi) generated by this
prssure will strive to open the control device (nove
| 9 upwards). 20 - A2, P2 is the are
Wépir}@%@ﬁré in the zone where the velocity w I?C@ESMWOBMM
| argest and hence representg a dynam c pressure
source. The resulting force of the dynam c pressure
will strive to close the control device (nove the
di sc downwards as the flow velocity increases).
throughtBe caBirdisiavive il oat, ontepiereiuineraase pien doe peessureHirep
I t
ncre 38 S pBfiphArgEREH o CORpRICUERICGRAI 8 the Brebnt invention
with @m\ﬂgmm“;(omqba essmmle))evl@e hiritndfixekidlod-theoughiapesingds abewn in Fig.

3, arﬁ gigfeﬁ gé SRED 418?[(981615'{??1 Fflj]fgw {I’ﬁ&u%ﬁ:vcﬁ% ?ﬁ)rlstﬁ@ D ?sent invention

is ccﬁltsfanvabé\m @bm&& diffeeerdiahpresbuevi ce (nove the disc

8/ 004875PCT/ 007/ Fl
Thisy[PARSae FUPEISl S RITAL P RTEro N ONAEN e fitah by edto
enstire gL Sarhd veraie fowieg depegtdeach mtrbh éordies botiredforiztreiakwell,
zaones rd;& to, optimze He eff|C|ency and fl ow
whichyj BB"d??Sﬁpg‘?)‘é’ h fixed OWWQ"HB ¥i®devi ce, the design
of the areas will be different for different

WhetPhbliGahg 8 and @ad thd @§r4t?ﬁ[ ldeQite @ictdrdmigat the QWentﬁdfmmy have two
for each application the areas needs to beﬁ,?larefu

differpns apalivediansirdsing it ardiop el ARYICe BreRYycs MYIBW.LL Wil of using

it to rB8udY PR i Ghsat R WiBhR ShroBgh BitlaIRs. Wﬁmigrﬁng the control
tenperature, pressure etc.) for each des

devige BogaIHing. 1o fhe Inengem fay the ;Si*ﬁﬁfénb%@m@ﬁf&fbwf@f aHHet & gas, as
menﬁgf'?é@ tlﬁ]dﬁfﬁ?erﬁ ARdds %ncﬂ??é‘ﬁ&e%ﬁ% B ghduih ihhﬁg 4, will have

|nven IOI’] e Si eSI an t han the
impangogi the esfeneyi and:ﬂ@w tl’zrouyh@rqnmaﬁmfrtble Qfé'!ﬁec geterring 1o Fig. 4,

the #iﬁ k\tc‘%r@a/éﬁé%‘ﬂré goﬁ&em}i 'bé' é:hiﬂ’(ép in.Fig 2, of a.

hou3| 4Wth an outer
cyli ndrl cal segnent 5 and vvlth a central hole or

- nSEESHR oAE HE ShBE ARE iy v

prssul] \l\nll %ﬁrw@ tpopke Iti&bbt)ntfdl dbvidé gnoe thealisale dpwaroah open

14 forned betwe the first. and
- o 3k BB TGS Theirone APeRs BRIt P o fergest and hence
repréddtfSa dhgarkle ;ﬁ&ﬁl}ﬂd sEUBE: ﬁﬁ@ﬁ@ﬂi’chglffh@e débgtéslctlyhﬁmlcspressure will
r ou a ho ol e e

dl
st 35 P Bi5 SPTHEH SV (HRveuheecpoinaTse aa e fork eiofy
mc,-éfalélggpdrlt ﬁalt hsegv\rrﬁn: 5i shshor_t er wwth a different
n wn
- AoIfRs 15 awa?@*eafan%arags?ﬁ% B hemiies s Soufd bt e RS ehe well

pres§b1@e(lr@ét é})%uglé sc 9 as expl ai ned above in conj unctl on
/th th| s sol ution w thout st aanat

- A, @'4&@@@84 ﬁ@d @tﬁasuraw@tqgﬁ\la@% expsHEs) behiad dos fige. The iganation
presbe 5t ﬁd&g;dﬁa}’ﬁ ﬁﬂe %t &@Qte% th@b%&ume%mﬁ PehinaltBé disc.

cont al Int athird

Thisavit sfiverinelose sy enmieg! d@ww gnpvwmqlmﬂwaéd@he
design is the sane as with the exanple shown in Fig.
2, but where a spring elenent 18, in the form of
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a spiral or other suitable spring device, is provided

on either side of the disc and 25connects the disc

with the holder (7, 22), recess (21) or housing (4).

Th rji.ng element 18 is used to bal ance an
Wq?ﬂgs@"ﬁ‘?.llsow area between the disc 9 and the ?%f/gpﬁok%!mozm

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

Fluithh {with diifereritailcBs5es /at meviad difft@entYéces in each zone depending on
2008/ 004875PCT/ NO2007/ 000204 8 const ant, diﬁen i ng -on X
P rglggh properties

the gpgion Af IN6RP aATES e SKISY &0 eRfiTaize thmefMigienehan

of i @GfRroigVi&, thE déggﬁ bPhedf¥AS Rilll 5o dMfiONHER difePdls bpphcations,
mass fl ow through the device may be obtained. Fi g

g
e.g.grsledl a1 ofliy@terilovnirtpmicaeiat eagh aprlicaligreiieiaspas NpRssdo prearetully
j ISy fglibk o € IoRidsi ;
a8 80l i BTGRP Ay o S Bp bRy o
conditiens pissosity demnperalige, peesurdets-lior faeh derigmaityajion.
responsi ve device such as bi-netallic el enment 20.
When producing oil and/or gas the conditions may
Fig.rseghicattsya piiranippd skelohmoh asothenembedivtesi ef helopniel dayice| agcording

B L

coniéitdevicer2 coreisincs witipthesewsien shom iof Fig 62, o e firstaliscigi@ped

vl e ST SBpABHL VI SR8 g graperure
10, bh¢ arsebbiyd dissshaped Roldbeayt 1 Saltdthad ta ths sagphemt biaf the housing
en

bod; s el 5 anrelag e fas & eraiech 36) diorpB5g 14 fomed between
the filRvhad BecdndrdifebigiedIitaREE dretholderdndidshg rigbliowever, since the

" seotli HRCEARGH G9IG8: FRsckt & THTEY %P8 (hreUdbDE e RS oto)

and® n8w PR HoMIing BYd &iSc ACEIacsiand dircelthe ciylndeiohl segramt 5 is shorter
~shown in Figs. 1 and 2 and 4 - 7 ar'g al | rel@ted to .
withsgifferess Sovmeiiethenavhad it sawrdeViige. Beresigdly fuldyp of stagnation
presSRRA(FAS Bn Wil badd si@e¥! #R dist $8s B PMinda Gbble ﬁpcﬂjnﬁnﬁ:ﬁbr@ With Fig.
wth a fluid flow situation or arrangenment such as o
4. Withethigasqlution witheub glagnatinn Riepeure the BWIERG thigknges er theedevice is
!ow%’ra‘?‘féﬂﬁé*rg:ﬁhé’éngg IQHi%l;;r aRdudest paifieY&intaih 8@ irCBB R,
~ devl ce y, as sho In Fig. 8 be an integral part
of the fluid flow arrangenent, whereby the disc 9 may
Fig.R§ sﬂ{:\% | Affd! &nﬁoqig'[éﬁf% &rair@CioNBet iGerRich! BherRf thetesign is the
aperture or hole 0 fcor I Aistance a wall of a glpe
same aswilihtherexampie ghown imFigt 2t athelye Bigripg slgimesd 18 ahe form of

o SRER el JBB0E 90 oL by B tho o anc
conuiants the discivitashe holded(7y 28), odgesdi(Al arhiokeing (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 oh the spring constant and thereby the spring force, the opening between the
disc © and edge 19 will be larger or smaller, and with.a suitable selected spring '
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25 circular ring 22 or the |like being connected to
the outer opening of the recess by neans of screw ng,
wel di ng or the |ike. The present invention as
defined in the clainms is not restricted to the

WOINBHT485i on related to inflow of oil and/ orPGgHREOTHPEHR0204

a well as described above or, when injecting gas
(natural 30 gas, air or 002), steamor water into an
oi |l and/or gas producing well. Thus, the WO

2008/ 004875PCT/ NO2007/ 000204 9 invention may be used

con$tAn2 A¥pHAINEES G iAflow kad @esssul] edritions i timaialwed\biace where
theflowof fluids with different nd/ or

the EQEbEPTIFe R RUEAL BN BEs BN duO00n B qraY S obtained.

Met hod for autononously adjusting the flowof a fluid
through a valve or flow control device,in particular

Fig. TR & Ot GRGME R thRnupanoRNeTe hg defiop s fhejsame as

wrth"’lﬁ‘é%?émﬂl@sm 'Fﬂ;f lsudions, @tﬁ)&vﬁéﬁé fHe dibd 98, dnt9S SEY Yadi n@ﬂh‘é inlet
production pipe of a well in an oi |

and
0pernag éﬂvawqwde@lmr%a hesnaty iesRoRsiRedevics 52}41-‘@@3@1%%‘#'0 lement 20.
Wh?rf ﬁﬂoﬁﬁ& oihg Bl BRgA? ﬁﬁ?iﬁ@&icﬁﬁoﬁ’ig'rﬁ%@ r@b?ﬂlﬂ%m’g@th%nﬂ& s:tuatfon

secti onseac I NC one ‘or nore inf
whecemmly@r mpstly céwpdupesbwma@whe@@b or msﬁwas s produced

(gas%rggk'tgﬁrbﬂéh or gas coning). With for instance a pressure drop of 16 bar from 100
bar the temperature drop would correspond to approximately 20 °C. By providing the
disc 9 with a thermally responsive element such as a bi-metallic element as shown in
Fig. 7, the disc will bend upwards or be moved upwards by the element 20 abutling the
holder shaped body 7 and thereby narrowing the'opening between the disc and the inlet .
10 or fully closing said inlet. -

The above examples of a control device -according to the.invention as shown in Figs. 1
and 2 and 4 — 7 are all related fo solutions where the control device as such is a
separate unit or device 1o be provided in conjunction with a fluid flow situation or
arrangement such as the wall of a production pipe in connection with the production of
oil and gas. However, the control device may, as shown in Fig. 8, be an integral part of
the fluid flow arrangement, whereby the disc 9 may be provided in a recess 21 facing
the outlet of an aperture or hole 10 of for instance a wall of a bipe 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 fo 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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formation with the fl ow space of the drai nage pipe,
wherein the fluid flows through an inlet or
aperturethereby formng a flow path 15t hrough the
control devi cepassing by a novable disc or bodywhich
WG WOBRMETISgned to nove freely relative to t hePGHBERAI|E000204

of the inlet and thereby reagduce or increase the

fl owthrough areaby exploiting the Bernoulli effect
and any stagnation pressure created over the
di sc, whereby the control device, dependi n

invenfiBn ki MOoNgeash bing pradestéseor processankiied applieatinn wh%@,thg flow of
s s GRSl e G eqf B Fotlithesed or

accordance with claim1l, wherein the fluid is
conposed of one or nore gases and/or one or nore
liquids. 25 A method in accordance with clainms 1 and
2, wherein -. the fluid is water and oil, or oil and
natural or produced gas and/or 002.
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11 4. A sel f-adjustabl e (autononous) valve or flow
control devicefor controlling the flow of a fluid
from one space or area to another, in particular

useful for controlling the flowof fluid, i.e. oil
and/ or gas including any water, froma reservoir 5
and into a production pipe of a well in the oil

and/ or gas reservoir, which 1|Qr oduction pipe includes

a | ower drainage pipe preferably being divided into
at least two sections each including one or nore

i nfl ow control devices which conmuni cates the

geol ogi cal production formation with the fl ow space
of the drainage pipe, 10whgiahhe the control device is
a separate or integral part of the fluid flow contro
arrangenent, including a disc or freely novable
control ling bodybeing provided in a-recessof the

pi pewal | or being provided in a separate housing

- Cnatfid & dfbhombildy SRGUR pifghrd ARl NGRS Bihve or fow

t hEORtEQl igyiee, hoirsPargcWadysshd for easiralljng ésiflow obiuih d&; fit and/or
t hgas QRARHY afP vaitdTgroody Ees_ei’mn@}cbﬁ]tc&a hoeddletion gipel afea well in
o PRI B e 08 PRI BOEGR! dfinace ioe
ap erafereblydreinghAivided dp @ laasthiyQiseclines al eghinrudingsene or more
or irffiedy @Bfirsluldefked he I aBRES commeitaikaty . th@ Ogeological production
formation with the fiow space of ine drainage pipe,
wherein ' .
the fluid flows through an iniet or aperiure . thereby forming a flow path
through the control device passing by a movable disc or body which is
-designed to move freely relative ic the opening of the inlet and thereby reduce or
increase the flow-through area by exploiting the Bernoulli effect and any
stagnation preésure created over the disc, whereby the control device,
dépending_ 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,

wherein . )
the fluid is composed of one or more gases and/or one or more liquids.

3. A method in accordance with claims 1 and 2,

wherein .
- the fluid is water and oll, or oil and natural or produced gas and/or CO,.
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5. Sel f -adj ustabl e val ve or control device according
to claim4, wherein the control device consists of
first disc-shaped bodywith an outer cylindrica
segnent and i nner cylindrical segnentand with the
central aperture, 25and a second di sc-shaped
bodywi th an outer cylindrical; segnent,as well as a
basically flat discprovided between the firstand
second di sc-shaped . bodi es, whereby the cylindrica
Segnent of .t he second di sc-shaped body fits within and
protrudes in t he opposite direction of the outer

cylindri cal grrent of the first disc-shaped
RWPRYPYD \falwrpf&}\wmérpbdw%e 30494 fépntm“mg the

enﬁ‘l@ﬁrso{ ke ﬂgﬁnxltréi@'f Fﬁt@\/d pesstdir atntd heotent mabarticular useful for
apert i.nl etfl'omi n

di §8'Bécf{ Iﬂ8W/| %élu{jhlr%qéﬁé)n\éﬁ&gq:anul ar(ﬁ'jlggglg{n‘llvgl%r from aC[eservoxr

beaméeuntq laepwgzmctmmr pipgl ok @égiehtigatha <Ptbﬁnﬁ@r Qﬂﬁst resefvmr which
E?;ﬂlbhém irdNAYLIAss Qﬂ@ﬂéﬂ@f&ﬂf&t&%tb@b&‘ﬁ@fabtyhbat%q divided into at

FOMCCER RS ne ot bt ot mBR Hiof BuffrofBeUel” whion

communicates the geological production formation with the flow space of the
drainage pipe,

wherein 7
the conirol device is a separate or integral part of the fiuid flow control

arrangement, including a disc or freely movable controliing body - being
provided in a recess of the pipe wall or being provided in a separate
housing body in the wall, the disc or controlling body  facing the outlet of an
aperture or hole in the centre of the recess or housing body and
. being held in place in the recess -or housing body by means of a holder .
--device or arrangement, thereby forming a flow path wheare the fluid .
-enters the control device through the central aperiure or inlet flowing -
towards and along the disc orbody  and out of the recess or housing.

 Self-adjustable valve or control device according to claim 4,

wherein
the control device consists of first dis —*shaped body - -with an outer oylindrical

segment  and inmer cylindrical segment-  and with the ceniral aperture,

- and a second dise-shaped body  with an ouler cylindrical segment, as w_efl
as a basically flat disc  -provided betwéen the first  -and second QEsc—shapea
bodies, whereby the cylindrical segment  of the second disc-shaped body
fits within and protrudes in the Spposite direction of the cuter oylindrical segment

of the first disc-shaped body,  thereby forming the flow path where the
filsid enters the conirol device through the central aperture or inlet flowing
towards and along the disc before flowing through an annular ‘opening
formed hetween the cylindrical segments and further out through the
annular opening formed bsetween the cylindrical segments.
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wherein a springis provided between the either side
of the discand connects the disc with the
hol der, recessor housing, 7. Self-adjustable valve or
control device according to claim4 and 5, wherein
the disc on the side facing the apertureis provided
with a thermally responsive i@devi ce. 8.
Sel f - adj ust abl e val ve or control device according to
claim?7, whereinthe thermally responsive deviceis a
bi-nmetallic el ement.

Self-adjustable valve or control device according to claims 4 and 5,

wherein
a spring is provided between the either side of the disc  and connects the
disc with the holder,  recess or housing,

Self-adjustable valve or control device according to claim 4 and 5,

wherein
the disc on the side facing the aperiure is provided with a thermally

responsive device,

Seli-adjustable valve or conirol device according to claim 7,

wherein the tharmally responsive device is 2 bi-metallic

“element.



