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FLOW CONTROL DEVI CE The present |nvent|on relates to a gas |lift flow
control device for injecting gas into the production string of a
subterranean well utilizing gas |ift.equi pment and techniques to enhance
the flow of |iquids froma geol ogical formation. In producing |iquids,
sincluding water, oil, and oil with entrained gas, froma geol ogi cal
formation, natural pressure in the reservoir acts to lift the liquids in a
wel | bore upwards to the surface. The reservoir pressure nust exceed the.
hydrostatic head of the fluid in the wellbore and any back-pressure inposed
"by the production facilities at the surface for the well.to produce
naturally. The reservoir pressure can decline over time, requiring
artificial steps to inprove lift. One commonly known 2 met hod of
augnmenting lift is to inject gas into the productioh string, or tubing, to
decrease the density.of the fluid, thereby C '

GAS LIFT FLOW CONTROL DEVICE

The pfesent.infention relates to a gas lift flowh-
control device for 1nJect1ng gas into the production étring
of a subterranean well utilizing gas lift equipment and
techniques to enhance the flow of liquids from a geological
fofmation.' ' ' - _ _
- " In prqducing lieuids, including water, oil, and
0il with entrained gas, from a geological formation. natural
_pfessure in the reservoir'acts to lift the liquids in a
wellbore upwards to the surface.. The reservoir pressure
must exceed the hydrostat1c head of the fluid in the
wellbore and any back-pressure imposed by the productidn_ |
facilities at the surface for the well to produce naturally.
The reservoir pressure can decline'over.time. requiring
artificial steps to imptove 1ift. One commonly known




decreasi {yp fydrostatic head to allow the reservoir pressure to act nore
favorably on the fluids to be lifted to the surface. This RGHGCB¥#/20T9 on is
usual Iy acconplished by forcing gas down the annulus between the _
production tubing, which conducts reservoir fluids to the surface, and:
the casing of the well. Then the gas 2s constrained to flow through a gas
~flow control .device at a predetermined depth into the production tubing.
The gaethddblcs aigmentinghbifesésvebr ibjectds gashiatoedie prddisctons al |
‘density of the mixture and inproving lift. Alternatively, gas and/or

rel at iskalynd,eor tubdad, tioddetreasentbhhedensityt o it Eiuiat et Heralne

wel I-bore can be constrained to flow into the production tubing to decrease
_the ofecaeasingithe divdrpstatichead o @idar &he repexvoim pressute s
procedur e, conmonl rred to utqlifting, uses formation fluids (gas

f
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to-flow down the annulus between e casing and the Lo -
Then the gas is constrained to. flow through a gas flow cpntrc_:l

dev:.ce at a predetermined depth into the productién tubing. The

)

gas bubbles mix with the feservoir fluids, thus feducing the
overall dehsif? of the mixtﬁre_ and_ improving _i'i_ft. . | |
_Alternétively,_ gas ‘and/or relatively lless. dense -.fluids_ from
anot.her f_drmation penetrated by' the we‘llﬁ_ore’ can be COnétrain'éd |
to flow into t:h.e~ prc_bdﬁct‘ion tubing to deérease | thé oirera.ll '
densiity 'of the fluids to be ﬁrodﬁced f?dm the well. This |
procedure, commecrly referred to as autélli_.fting, uses fdrmatiqn
fluids (gas or 1lizht hydrocarbon 1_iqﬁidé) fi'otﬁ ériét_h‘ei‘ formation
having a formation pressure greé.ter_ than .the. formation fi‘b_m_ which
the liquids to be lifted are produced. Thus, -ihstead of
compressing gas at the surﬁace .and-':_i'._njectin_g", the gas down the
casing of the well to the flow c_ontroli defri'ce', :another fo:matibn
hav:'.n.g' sufficiently higher pressure is isolated tcl.‘)'v':pere_ the ga§
| and/or. less. dense | fluid frbm the isol_até.d formation ' is oot
cons:tfained to flow down the ahnul_ﬁs between the casing é.nd’ the
| procluc:Ltion 'tubing ,' through the flow_' cont:qi device, and intb the
proclu_.ction tubing, thereby reducing the oxferall. der-z_s'i'ty' of the

mixture in the production _tubing and proiridi_n_g lift.



product i owolgglohgig. t hrough the flow control device, and i ntﬁgwmuct I on
“tubing, thereby reducing the overall density of the mixture in the

producti on-tubi ng and provi di ng |i ft. WO 96/ 07813 '
PCT/ GB92/ 02079 3 There are two types of .gas flow control devi ces commnly _
enpl oyed to control the injected gas ifdto the productlon t ubi ng, nanely gas
lift valves and orifice valves. Gas lift_valves are normally cl osed | n a
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the inj geilcey af éﬁeagaﬁa@mtﬁge gBat @Bl idEBLOLRE gfas N egti QaAlve idhge
val ves are used ?o control injection gas rates intothe
‘prevent the flow of injected gas therethrough. On the other
" hand, orifice valves have no moving perts other then a check
valve to prevent reverselflow_ t:her_ethrougl;. Therefore, orifice
valves are.simply.open'to flow of injeotionjgas,-but are closed
to flow in the opposite direction. | |
Gas lift velves are used as u_nloading valves at differexit"_ '
locations t.hr_o'u.gho'ut the well, and may also be used to-control
-the injection of the gas at. the most optimum point of injection.
Or:_i.fice valves are used to control injection gas rates linto_ the
production tubing at the optimum point of injection.  In certain -
"-lsi_tuations, gas lift valves are sometimes. _considered less
desirable  because of their expe'rise and because of . their
construction, nemely the stem and seat arrangement, obstructs gas
flow. AaAn orif:.ce valve overcomes both of these object:Lons, and,
therefore, is often employed at the optimum point of J.nject:.on.
. The valve that is 1nstalled at the optimum _p_olnt of injection is
_ commonly called the operating valve. o | |
Flow 1nstab:|.11ty is a common problem ex:.st:.ng in wells wh:l.ch '
employ continuous-flow gas lift. If‘low :|.nstab111ty results in (1)_.
large fluctuations in the production flow ra'te,._ (2) . large'
fluctuations in the. oas ' i_x_1je'ction rate, = and (3) large
fluctuations in the pre_ssure of both the tubing and Cas_lng.

Understanding the influence that the gas flow control device has



situati lift. valves are sonetines conS|deredrcnﬁﬂwﬂnamsable
because of their expense and because of their construction, nnanely
the stem and seat arrangenent, obstructs gas flow. An orifice valve
overcones both of these objections, apd, therefore, is often enployed at
--the optimum point of injection. The valve that is installed at the opti mum .
poi nt eh ificet iABtEHiteEYONY educadlt r&onaae&s&anuahge tié Opfe%%&ﬁ:b' lity .
'i's a conmon problemexisting in wells which enploy continuous-ilow gas '
lift. Ehventdenability results in (1) large fluctuations in the -
production flowrate, (2) large fluctuations in the gas. inj€ction
rate, and Fley 1natgb1ﬂnﬂwtuatadngnmnnmbsspﬁésaugasoﬂiﬁatheﬂhecsnbbeg and
casi ng. Understanding the influence that the gas flow control device has
4 on fFBIrARSEEBRRA: RS £ FYRIIEC PEOGRESH st Aadithe 19ws pinjeationy eatieon. _
Flow in tablglt I n a continuous- flomgﬁfs lift well can be characterized as®
a cyclF IBPQ s’é"e ﬂgst - QYhsCPRFERL V% begins to ‘increase, the

dersity of the_fluid in the production tubing string decreases,

productgﬁgga&ﬁggg at the optinum point of injection. In certaln

which, in turn, results in more reservoir fluid entering the
 wellbore. ' This portion of the cycle continues and accelerates
until the pressure in the annulus drops,li e., the supply of'-
injection gas in the annulus diminishes "The pressure drop 1n  ‘r
the annulus results in a decrease in the pressure differential
across the gas flow control device and, thus, a decrease in the
rate of gas injection through the gas flow control -device and
“into the production tubing. As a result of the decrease in the
gas injection rate through:the gas'flow control device,'the-
dens1ty of the fluid in the tubing string increases, cauSing the
prcduction pressure, or downstream;pressure, to increase, which
in turn, results in less reserVOir fluid entering the wellbore.
This part of the  cycle continues-until the pressure in thei
annulus increases suffic1ently't0'where the rate of gas 1njection
_through the gas flow control deVice once again increases.
The differential pressure across the gas flow control dev:.ce"
- is defined as the difierence between the injection-pressure and | T
the production pressure; The difﬁerential pressure'can also be
'l_iSted as a percentage of the injection pressure. In thi_s-
'context,'the injection.pressure_is also referred to as“either the
upstream Or'casing'pressure,iand the production.pressure is also

referred to as either the tubing or downstream pressure.



t hrough twe9¢em18| ow control -device begins to increase, thectasvsioyw79f the
fluid in the production tubing string decreases, which, in turn, results in
more reservoir fluid entering the wellbore. This portion of the cycle
continues and accelerates until the prgssure'i n the annul us drops, i.e.,
the supply of injection gas in the anndlus dim nishes. The pressure drop

| the annul 43 LeSHldeail Y &y1o0l SRR LINGIE. PIGT WS FLEL CLER EalocRitass

the gas fl ow _ evice rand, ecreas e rate of gas
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t ubi ng. a res e decrease in the gas injeCtion rate through the

gas flownh¢enhokthdeuetecet B8 feacthiteflas e furdrd oo deh e hiel PirBauticiion]
I NCreases, causl ng t he pr'oduct I on pressure, .or dovvnst ream pressure, to

i ncr easer dbwabrream,upressarel.t STha dgassinjpsstrion rateuithrentgdr iangrtilor
wel Il bore. This part of the cycle continues until thé pressure in the .
annul us airtic semeae ~added i arifice ogasef kow heontrel odeyieei fluctiasesh@aigh
the gas flow control device once again increases.. The differential pressure
across ah&hgapriodugtiom. OIr GoWnatyeamepueasure flaciuwtasnce bet ween the
I njection pressure and the praoduction pressure. The differential pressure
can al so be Chokddshsah pgditehlaydine dRMFHREAM oATPResdR e Produstdqns

‘cont ext ; e.dinjectio ressure is. oreferred to.as either. the -
.tuLQng Jtringrlé)t e acceptéafin_ustry practice that is used to

lessen the effect of the above mentioned factors which causé flow
instability. Choking typically increases the avérage .fiowix.'xg
bottom hole pressure in the tubing to be higher thah desired.
This, in .t_urn, reduces the rat-e_' of fluid that is produced 'fr'onll_'
the reservoir. ..'I.'o éompensaté’ for_flowlline choking, more gas-
'injecti.on is requiréd. This incfeasé' in gé.s injection- adversely
affects the effic:':.'ency of the gas lift opération becaﬁse of the
increase in 1ifting costs and. the inefficient uée of injection
gas. | | |
Fluctuétions ' in. the bottpm hole tubing pfessuie cause

fluctuations in the rates of gas flowing through thé flow control
device; i.e., wit:h lé.rge bottom hole tubing presls,ure. decreases,
the gas injection rate t.:hrbugh. the flow control device increases.
This phenomena is largely ﬁncontrqll&ble and u;ipxedictable uéing
existing gas flow cont_;r:_ol devices. | |

~_The afqrément_:_ioned fluctuations in tubihg pressure uiay also
result in p‘robiems at the sﬁrface. For instance, segregated
flo;vs of ocil and gas'mixtu:;'es caﬁ be forced up,t‘hé production
tubing to the surface, resulting in severe pressure surges

throughout the tubing and within the surface equipment. This



upst ream or ca5|ng pressure, and the production pressure S also referred.
to as eiVAIFOT#IR t ubing or. downst r eam pressur e. WO 96/ PCaicB95/02079
PCT/ GB95/ 02079 5 Flow instability in continuous-flow gas lift. wells occurs.

where the gas flow control device allows the gas injection rate through the o

device to fluctuate as a function of éhe production, or downstream
pressure. ‘The gas injection rate through a prior.art - squar e- edged orlflce

gas fl devi u a the Ol or d tr
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press Choking at the flow i ne domnstrean1fron1the productlonl
tubi ngséctfé%ﬂcéa #1181 B FHOEheNGST1 MYe ¥R Gt prioddictivn gadil oressen the

effect of t above nentioned factors which cause flow instability. _ :
Choki ngntewpi Rkl Firaer easefe t Separategs thevigirtinhilyr hohet aneasesesi n the
tubing to be higher than desired. This, in'turn,. reduces the rate of fluid -
t hat |i&lqw achred érommrge;reﬁeliquids ndy emopedsehe fbowftapﬁcntycbﬁklng,ﬁ
nore gas injection is required. - This increase -in gas injection adversely
af f ecttshe rs@rsfn‘amze,n@puamgwélgasdl Farrypuexnt iohouéaelms d:rmelse This

car lead to repeated costly shut downs and loss of revenue- from'_
all wells leading into that particular faCility

" The average bottom- hole flow1ng pressure in -the tubing
during unstable flow is Significantly higher than during stable |
flow. During slugging, the bottom-hole flowing pressure in the ‘
tubing increases due_to the higherpdensity fluid present in the N
tubing string The pressure increase is further aggravated by
the prior art flow control device because it passes less gas as
the bottom~hole floWing pressure in the tubing increases thereby '
providing less.gas_into the tubing. |

Accordingly,-there is a need to provide a gas flow cantrol
device which increases the production rate of and stabilizes the
flow of production from, a continuous-£flow gas lift well.

There is a further'need to achieve improved.performance Wlth.
bota an improved orifice valve and an improved gas lift valve _
tha* are used as gas flow control devices. o |

There is a further'need.to provade a gas flow control deVice

| having a consistent and predictable gas injection rate..
| There is also a need to provide a gas flow control deVice
- _whiwh has a reduced senSitiVity to fluctuations in tubing

pre:sure.



i ncrease | ﬁ)ﬂ‘{oﬁﬁsng costs and the inefficient use of inj ectﬁ‘ailﬁwz‘m
Fluctuations in the bottom hole tubing pressure cause fluctuations in the

rates of gas flow ng through the flow control device; i.e., with large -
bott om hol e tubi ng pressure decreases 4 he gas |nject|on rate through the |
flow control device increases. This phenonena is largely uncontrollable and.

unpr edi ct abl erHévlend £ ieSIING Gagtheevneeat Eelﬁaﬂ@ﬂ&@% fAlRf YSitdaned
fluctuations in tubing pressure nay al so. resu i n, probl ens at the  surface.

For i nsidevice wherepst eHef 1086 @ds didj eui@nyatiextih de cishthoTIHE E-da t he
production tubing to the surface, resulting in severe pressure surges
through@@ﬁ iswgrfiagei.ng and within the surface equipnent.. This 6
phenonena is commonly referred to as sl uggi.ng. When the segregated fluids
fromthe melWh@ﬁiﬁﬁ?ﬁ%tpﬁ@mﬁﬂﬁhﬂﬁf@M@¥¢?We%n@hémdﬁfkqwgndraa efadhe
separator, the particul ar .instantaneous flow rate, 6r surge, of l'i quids may
exceed PW °Fi@%gcapaC|ty of t he separator - causing liquid carryover into

t he gas lines. This 'SUMMARY OF THE INVENTION

To address the above-describedt problems_ with, and
deficiencies of, the prior art, it is a primary object of the
present'invention to provioe a gas flow control device through'
which a predictable and constant gas injection rate can be
established, and whlch. overcomes the flow 1nstab111ty that
commonly occurs in gas lift wells |

It 1s a further object of the present invention to provide
an 1mproved gas flow control dev1ce whereby the gas lnjectlon '
rates through the gas flow control dev1ce are controllable at the

| surface. '

It is a further object of the present invention to prov1de
a method of increasing the productlon rate of a contlnuous flow
gas llft well. |

It is a further object of the present 1nventlon to prov1de
a method of stabilizing the production from a continuous-flow gas

Lift well. L |
| It is st111 a further object of the present 1nvent1on.to

prov1de an 1mproved gas flow control device for 1n3ect1ng gas 5
:Lnto a product:.on string whereby the :.nject:Lon gas pressure
w1th1n the flow control dev1ce 1s recovered and frictional losses

through the gas flow control device are reduced, thereby



car Mﬁeat ed costly shut downs and | oss of revenue fromall wells
I eadl n P at particular facility. The average bot t o ROTUTRISOPYR; ng
pressure in the tubing during unstable flow is significantly higher than

- during stable-flow. During slugging, the bottomhole flow ng pressure in-
“the tubing increases due to the higler density fluid present in. the t ubi ng
string. The pressure increase is further-aggravated by the prior art flow
“cont retzddigtridecardieicalpafbee hessagdower tdifberentiabl erdmsurs
pressure in- the tubing increases, thereby providing I ess gas into the

t ubi rgrcAuT dht raps, Lxowereontrel rdevice. provi.de a gas flow-control device
whi ch increases the_production rate of, and stabilizes the flow of -
product i ofEt risn Shitdndi FyGEhem Qbiges |9% 1 the| pPresrate inyentian @ need
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cont r(H d%\gncte".ml@ fmagégdilffg wesi tivi ty to fluct uat ions i n tubing -

pressu
In an established continucus- flow gas llft system, there are

f:.ve major :.ndependent variables which affect the 1nstab1.l:|.ty of
a well and its rate of _product:.cn, namely, the tub:Lng pressure
at the'gas flow co'ntrol. devic’e, the. casing pressure at the gas. ‘
'flow control dev:.ce, the gas :Lnject:.on rate through the gas flow
control device, ‘the or:LfJ.ce geometry within the gas flow control
devic:e, and the prope'ns:.ty for, or the abJ.l:Lty of, the formation
‘to piroduce liquids. It is a pr:.mary object of the invention- to
prov.ide a gas flow control dev:.ce which reduces the 1nstab:.11ty
"~ in the cont:.nuous flow gas lift well by mn.n:.m:.z:.ng the effect of
one najor var:.able, the tub:mg pressure at the gas flow control
dev:.c:e. Minimizing the _effec_t of tub:.ng pressure is ach:.eved by
means: of controlling three of _the remaining' major variables,
namely the 'ca'si'ng pressure, ‘the gas injection rate, and the )
geome try w:.thin the gas flow control device. | |
Accordlngly, the gas flow control dev:Lce of the present .
:.nvent:.on controls ‘the rate at wh:l.ch gas is J.njected into a
prodiuction str:l.ng and includes a hous:.ng with at least one inlet
port, at least one outlet port and a nozzle-Venturi orifi_ce; 'fh_e__
' nozzle-Venturi orifice, which may also be 'ref_erred to as a
.cirCt.lar-arc-Venturi',' :ls a _con_vergi_ng'-'d;iverging pathﬁay t.h.at is

made of two parts: a nozzle portion and a Venturi tube, or



7 There | WQ/A13a further need to provide a gas flow cont r péT/teysen79
whereby the lift gas injection rate can be controlled fromthe surface. The
present invention overcones the deficiencies of the prior art. SUMVARY OF
THE I NVENTION To address the above- d;scri bed problens wth, and
-deficiencies .of, the prior art, it is & primary object of the present

def i ci the ri L.
and conSiepiee Bk POTrhe PROERTE, BorEAh RrlTgoa] ST el A ©
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further object of the present invention to provide an inproved gas flow -

control cisneryedeictDY st PLogPessIvery i ¥t ¥i@sitd) G the s6sz1e ofiront f ol
device are controllable at the surface. It is a further object of the -

present emyerdi chet aopzlde decontetdmil of Thacveasurd poertionductdlidesnt 2 of
a continuous-flow gas lift well. ' _ ! ' '
first and a second end, and a flow path therebetween. The first
end of the Venturi- tube, also referred to as a Venturi for
simpliéity, is disposed adﬁacent to the second énd of the nozzle _'
por.tion.  The 'Ve.nturi portion divéfges, or is progressively
larger, betweén thé Venturi first end and the Venturi second end.
The,Ve__nturi flbw path’_is lali'gned with the nozzle flow pé.th to
provide a continuous flow path lthro_ugh the dévice. .Pr_essur.i__zeld
gés from the annulus between. the Casipg and production tUbif_lg is
conétrained to flow_. through the .at leasﬁ .one iniet port, thijough
‘the continuous fl_ot«f path, through the at least one outlet 'p_ort,'
"and into the production t':ubing.. _
In a preferred embodimeﬁt of the invention, the nc_:zzi-é
poz:tion' of i:he gas flov;r coritrol device includes curvilifxear._
- sidewalls extending from the nozzle first énd_ to the rnozzle
. second end. o | |
In a prefé_rred eﬁbodiﬁeﬁt of the invention, the 'diametér- of
the nozzle first end_. is grea’lcer.than the diameter of the nozzle
seéona end. Fﬁrther, the diameter of the Venturi firsﬁ end is
equal to the 'diainete: of _£he' nozélé_ first end and less than the
diémeter of the Venturi .s_eco_nd .e.nd.. |
In a preferred e_mbodit_nent of the invenﬁion, the cross
sectional area. of the nozzle first end is greater than the cross
sectional area of the nozzie second end. .The ‘cross séc.tional_

area of the Venturi first end is equal to the cross sectional N



It is a further object of the present invention to provide a nethod of

st abi | WO AOM8AE producti on froma continuous-flow gas |1i PCTGBISN02009 | s
still a further object of the present invention to provide an inproved gas
flow control device for injecting gas into a production string whereby the
injection gas pressure wthin the fhgw control device is recovered and
frictional- losses through the gas flow control device are reduced,
ther gipe; off @5 A2 51k NGedond i &d dADVIels &HVhedliddsdLHdadigrgpsure -
across the gas -flow control device. It is still a further object of the

pr eseitte:i BEHhoWéntywrbvsdeond neadod of elimnating the effect of tubing
pressure on the -gas-injection rate through a gas-flow control device
utilized iIn a prefierreds embodigent| of ttheelinvention ethebrathedof the
continuous-flow gas |lift system there are five major ‘i ndependent vari abl es
whi clersifeecsechaonadt aawea t pLofthe waPrzafd searndit engr 49 obbhet ieresSanel v, .

the tubing pressure at the gas flow control device, the c-asi-ng- Eressure at. .
the @estional area of the nozzle first end is approximately 0.4. -

In a preferred émbodirhe_nt.o‘f the invention, the ratio of the .
‘cross sectional area of the nozzle second end to the cross
' sectional area 'qf' the nozzle first end is less than ' 0'.4_. |
Ih a preferred embodiment of thé invention, the. gas flowing
thfough the .gas flow control device aéhieves .cri't:'i.cal fiofn at a _ ‘
differ’e;itial "pressure of less than ‘46% o'f;. t:he: .gas: 'injec':t_io:.z
pressure. Here, the different;al prhes.si.\r'e:‘ is the di.f'fe_rehce'
beﬁween th_e gés injection_ preséﬁre and the prédﬁétion .pfessur-e
In a pre.fer'red' embodiment of tﬁe'. inv.ent:i-.ox.'x,. gés flowing
through the gas flow control deir_ice échie%resﬁ .critica-_l flow ?.t a
'diff’eer'entia"l pressure of betweén apbrokimatély 4% and 10% of the
éas :njection pressure. | | | |
Iri a preferred ':émbodiment of."t':he invention, the gas f'lowi'ng
through t.he gas flbw control device achieves critical flow at a a
diffe rential. pr'es's'ure_ of befwe’eri appr_'oximatéiy 5% and 46_% of ﬁhe |
gas injection pressure. | o - -
' In a preferred embodiment of the present. iﬁvéntioh . gas |
flowing through the gas flow'dev'ice"'ac.t'_xi.eirés' ctiﬁical flow at a .
- differential ére_ss_ure of less than 10% of t.lhe' gas injection
Préss_ure. | | | | | | E
'In a preferred éulbodiméni; of the invention, the n_o"zzl'e. ._

portinsn includes curvilinear sidewalls ei:tending from the nozzle _ |



flow contW8I96’8'@\’?ce, the gas injection rate through the ga?qf%@m?-rol
device, the orifice geonetry within the gas flow control device, and the
propensity for, or the ability of, the formation to produce liquids. It is
a primary object of the invention to prnvide a gas flow control device

~ which reduces the instability in the continuous-flow gas lift well by =~ .
m ni m zifigsthenef tecthef nogelengerondr entl e, Thdesidewabl priaveirae radive gas
flow control device. -Mnimzing the effect of tubing pressure is_achieved -
by neansfhicwsmativgie orgatiereshen the dipnehenehiofle negzleisecond®nd. t he
casing pressure, the gas injection.rate, and the geonetry within the gas =
f1 ow contr ol _Idbvﬁcé’.:e%&iﬁ# ngMpodimeng Lt thew Tt IO FRE G03Fe
present inventiqn gontrols the.rate at .which gas is.injected into a
D duct IS gciies CRavad ineng, S ASwaLLR SRerBILALCEESR #1ik Tehale a

oSt R S B ol Bt BB BN L e S o T
gﬁ-gvgr 3‘en l?rqilfbﬁj:giex@ éa?ﬂ&il""géb it iJEBCl:E‘c YndutP P& tt%fmeas.’?:‘ifez'a‘ia‘?r@ééz?“
of the nozzle second end.
In a preferred 'enibédiment of the invention, the nozzle
porﬁion includeé curvilineaf sidewalls extendiné from the nozzle.
- first end té the nozzle ‘second end, 'an'd'the .sidewalls have a
radius of curvéture equal to about 1.9 tihes the diamétér of the
nozzle second end. | |
In a preferred embodimén_t of the iziw)'entiori, the Venturi
portion includes Venturi walls thaﬁ ei:ter;d from the Vént:_uri first
end to the Venturi second end. The Venturi .wall_s form an angle
of about 4 degrées to ab_oﬁt 15 degrees wilth.' respect to the
longitudinal axis Qf the Venturi flow path. o
| In a 'preferred embodiment of the invention, the Venturi
portion includes Venturi walls extending from th_e_- 'Ve.nturi first
end to th_e Venturi s_ef;ond _end. The Venturi walls form an angle
qf about 6 degrees with respect to the '1oﬁgitudipal ai:_is of the
Venturi flow path. | _ o
In a. preferred ‘e_'t't.tbod:_i.ment. of the invention, thé' Ven;uri
portion 'includeé Venﬁuri sidewalls that are circular in crosé
sec_:f:io_n and extend from the Venturi first end to _ the Venturi
secohd. | N |
In accordance with t;he .present invention, a method of

controlling the rate of gas injeéted into a production tubing



Vent uri o# 73& The nozzle portion incl udes first and second ends, and
a flow Bg? " ebetween. - The nozzle portion convergegcrlﬁpwo"’ ' _
progressively restrictive, fromthe nozzle first end to the nozzle second -
end. The Venturi portion includes a first and a second-end, and-.a flow
path therebetween. The first end of ybhe Venturi tube, also referred to as
a Venturi for sinplicity, is disposed adjacent to the second end of the

nozzl esgioird Ofs pratea¥ant Urihedanibnng kY1665 1s0pokd thopedesdittely & ar ger ,
between the Venturi first end and the Venturi second end. The Venturi flow

pat h iwelal igREtotddnt e oz zdas fngw foatdiing g anmeus diherehstwedn ow pat h

- through the device. Pressurized. gas fromthe annulus between the casing and

produd | gast ublon icontore r devddet ois| Miadedbuyhthin athe easllonati met

port, through the continuous flow path, through the at |east one outl et

port, ReRfietRmnined pleereiPhn thei @ gs flow Gontziole deNinRii GRNRT bFingie

i nvention, the nozzle portion of -the gas fl,ow control. eV| ce includes

 curvi 13 rRMSERGedBFLUSERe AR nﬁe??ﬁrﬁ’ fie 1Rd£H PTL 30 nﬂ t FRARE RRS1e

. second er\fs:t atpr grred e nt of.the i nvgnt |9 gldl anet r of t he- '
nozzl &4 s<GfedferT e PIREIALE 1 SOREL R0 PR 080 o
Furt h%;en ttpr%. %' ofl, he! ngyfgtﬂortioﬁsfn&%ufg a nozzle first end,

a n>zzle second end,.and a nozzle flow path between the nozzle

first end and_-the nozzle second end, the nozzle flowpath
converging from the first nozzle end to_the second nozzle_end;_f -‘

_and the Venturi portion including a first end'and a second end,

and a Venturi flow path -therehetween. the Venturi flow path

di\i-erging from the Venturi first end to the Venturi second end,

the Venturi 'first ‘end being disposed adj_ecent the nozzle second |

end, the Venturi flow path being aligned with the nozzle flow

pata to provide a continuous flow path, the gas flow control

dev i.ce'positioned for transmitting the flow of injected gas fron

the annulus into the prod'.uotion' tub'ing__string . Compressed gas

is forced into the 'annul_us.‘_ The compressed .ga'.s is constrained

to Elow through the ges flow .'control device to mix the gas with

resarvoir :Eluids within the production tubing string, th'ereby

reducing the de'nsity. of the' reservoir 'fluids. The pressure of

the gas forced into . the annulus 1s controlled w:l.th a pressure

con I:r_ol dev1ce_, thereby :anreaslng‘ the gas_ injection _rate through

the gas flow control device by increa_e-ing'the pressure of the gas

in :the annulus, and decreasing the lgas_inj ection rate through the

gas flow control device hy d‘eoreasing the pressure of the g_as- in

the annulus.



_equal to WobeeMts1aeter of the nozzle first end and | ess t harpciicassioasmt er of
the Venturi second end. In a preferred enbodi nent of the invention, the K
cross sectional area of the nozzle first end is greater than the cross
sectional area of the nozzle second eg%. The cross sectional area of the
Venturi first end is equal to the cro sectional =~ 10 area of the nozzle

Zﬁg?n?negdpr-eﬁ élrar eg Ite!%o;'f Prgvrzi'?hgfs %%:EI ﬁve?llttti g%, %{éﬂr’g?i 0. 2*“%5‘??8 c(r:ggg h _
secti orgio@i&@doffawe.emmhstiﬁg;nfol;sfﬁyi#ﬂe}hel r%sga%g%gga% aﬁg@@% é. :

nozzle Tirst end I s approxi mate n a‘preferre I ment

i nvent i gfriAdoF af conelinubAsCElSw §a511DPRlwelea Phet PPoAAEELEnSEERIEgENd
to the cross sectional area of the nozzle first end is less than 0.4.71'n a
pr ef er retrfmdp otls neos i of onéed v:?ﬂuhtmi said twel Pasnd | condent hiougd éﬁ@iﬂ?s fl oyv
control device achieves critical flow at a differential pressure of [ess
than 468aid cdminmand|sadid conceaticeprbdnerionhtudihgeseningl formingre is
the:\ d f;rsra%r;fuelus therebetween. A gés flow control device is positioned
within said 'weJ..-]l. a,t' a"predetermined _lqcat-ion,'_'said gas flo’w.
con_trql device comprising a housing including at least one inl_et
port and at least one outlet port,'- and an orifice compfising a
nozzle _pprtion_ and a Ven;ﬁri portion; said -nozzle pbrtion
_including a nozzle f_irst end, a noézle second end, and a nbzzle
flow path between said nozzle fix_'st end and said nozzie second
eﬁd, 'said nozzle flowpath co_nverging from said first nozzle end
to said second nozzle e_hd; and said Ventui'i pértion including a
first end and a second end, and a Venturi f.low éath therebetween,
said Venturi flow path diverging from said Venturi first end to
- said Venturi second end, said Vénturi firslt_end being disposed, _
adfjac:__e’fxt said nozzle 'second end, sa.id Veﬁturi flow path be_izig
aligned with sai'd noizle flow path to prévide a continuous flow
pat-h_; said gas flow control device positioned for transmitting
the flow of injected gas from the anhulﬁs into the production
tubing strir;_g., Compressed gas is forced into the annulus. Thé
compress_ed_ gas is consi:'rained to flow i:h_rqugh, gaid gas 'flow
control deirice to mix said _gaé with reservoir fluids within the |
.'pro_duction tubing string,_ ‘thereby reduc':ihg the density of said_'
reservoir fluids. Tﬁe pressure of the gas forced . into the

annulus is controlled with a pressure control device to achieve

critical flow through the gas flow control device, thereby



bet ween ¢ he aas injection pressure and the production pressure. In a _

pr ef erré’%gg‘?{@% nent of the invention, gas flow ng througRCT/GB982979 | ow
control device achieves critical flowat a differential pressure of between
approxi mately 4% and 10% of the gas injection pressure. In a preferred
enbodi nent of the invention, the gas1 ow ng through the gas flow control
‘device achieves critical flowat a differential pressure of between -

appr o3 ining s dceBstantt Eésga%llﬁﬁité-@ﬁ (ﬁ?‘t&r &aness sald grefflowd

embodi nrent of the, present |nvent as fl t hrough the qgas fl ow
devi cePORITol QeViPE; EBAL! [1gly HOSPSRdeRt (Af| 5hS, RFEERUF & WHtdRR { KRR 100

of the gas injecti ressure. In a pr_eferred enbodl ment of the invention,
t he n&%i ?J%Jr?rilo'f\‘%?}‘#g RRE R vi 1 near si dewal | s extending fromthe nozzle
WO 96/ 0781

end o« he T, ACSORARRGe (ihrche, present igrentil o RERRRLF.
great eélfmtﬂ?gd&ﬁgﬁhﬁilgftfrﬁ”@éﬁt?nﬁﬁﬁ@“@lsﬁd gas 1lift wells is
pronded by stab:.l:.z:.ng the gas injection rate through the gas "
flon control dev:.ce so that the gas 1nject:,on rate is :.ndependent .
| of the typical tubing pressure fluctuat::.ons that occur in a
con:inuous-flow gas lift well. | _

It is contemplated that fluids, name.ly both gas and liquids, o (
can be used for the lifting of formation f.l_uids to the surface.
Accordingly, while the present invention're'fers to "gas 1ift® and
"gas flow control devices,"- it -i's contemplated that fiuids',- |
having relatzvely lower dens:Lty than the format:Lon flu:.ds to be
lif:ed, can be :|.n3ected through ‘the flow control device into the

_product:Lon tubing to decrease the density of the m:thure_ to
._imp::ove life. ._ -

The foregoing has outlined the features and t:'echnic'al
adviintages of the present invention s0 that: those .skilled :|.n the
-art may better understand the deta:Lled descr:.pt:.on of the
J.nvwnt:l.on that follows. | Features and advantages of the 1nvent:|.on' '.
tha: are described above and hereinafter form the subject of the
claims of the invention. Those | skille& in the art "shoul'd'
appreciate - that they may read:.ly use the concept:.on and the
specific embod::.ment dlsclosed as a bas:.s for modlfy:.ng or

. designing other structures_ for carry:.ng out the same purposes of

~ the present invention.



In a preﬁwmgadngnbodlnent of-the invention, the nozzle porrcucmumdmukm
curvilinear sidewalls extending fromthe nozzle first end to the nozzle
second end. The sidewalls have a radius of curvature ‘equal to about 1.5 to
about 2.5 tines the dlaneter ‘of the nozzle second end. In a preferred

- enbodi ment of the invention, the nozztelportion inc¢ludes curvilinear
sidewal | s extending fromthe nozzle first end to the nozzle second end, and

the sidewal |l s have a radius of curvature equal to about 1.9 tlnq t he
di aneter of the nozzl Rs@EERT &hat FhealﬂféPéiP%dm%ﬁbgﬁlﬂ@ﬁ? &8 3
i nvention, &#héevsBbudi, Bﬁbbueﬂehmelmdesevfntund wae| pribat aegtdemd 1lflr om t he

Vent uri f|rst e d §§F8Q§b gnéugu §an1§ggttaIpﬁ V?Hl rlw@@hlz &%@@&3&

angl e of abBo¥ dégrees w resp ct tot
| ongi t udi natoakhe eﬁcphoaVQﬂnardrﬁM@nﬁpatHherﬁla-preferred enbodi nent  of

the invention, the Vegligri jPQhlk@nal @‘i"a&lﬂe%hYEHtBllu%l‘hieﬁxb@@.@ﬁ& fam
t he Vent uri flrst end to the Venturi second The Venturi walls form an

angl e of abbujestdegr #asenper fogagace is PhéYP(bﬁgllt- uBFARF 2fits hdsh ne
Vent uri floﬁ&@@%hre'@a@ Arigfteshad ediTbodin@ERraph 8€ai PIGHL b@N galshe INant ur i
u

_port|on Incraggs(gggaggke Ig%wall 1%2a%t%g%ugergglggllQa%sc1ssa). where
the cas1ng pressure is held constant at 1600 psi. The
region A 1s the critical flow regime. |
FIG. 2 shows a graph which illustrates or1f1ce gas
injection rate performance in a typical, prior art low
_pressure gas lift system. The'graph is a pldt of gas_flow
" rate (ordinate) and tubihg_preesure in psi (abscissa), where
the casing pressure is held'conetaht at 1000 psi. The
region A is the critical flow'regime. . : |
FIG. 3 shows a graph which illustrates the desired
gas inJectxon rate performance in a gas flow control device
to e11m1nate instability in a continuous- flow gas lift well.
The graph is a plot of gas flow rate (ordxnate) and tubing
- pressure in pél'(abscissa), ﬁhete the casing_p:essure'is
"held constant at 1000 psi. The region A is the critical
flow regime. ' ' _ _ | . |
_ FIG. 4 illustrates a crose-sectional, side-
elevational, diagrammatic view of the environment of a gas
injection control device; - _ |
FIG. 5 illustrates a cross-sectional view of a
stendard'orifice gas injectiqn'eontrol device_having a
square-edged orifice; o '
FIGS. 6A and 6B illustrate a cross-sectional View '
of an exemplary orifice gas flow control devxce of the o
'present invention'including a nozzle-Venturi orifice;
" FIG. 6C illustrates a cross- sectxonal view of a
nozzle-Venturi orxfice assembly that is 1ncluded w1th1n a
~ gas flow control device of the present invention;

' FIGS. 7A and 7B illustrate a cross-sectional view



section_and extend fromthe Venturi first end to the Venturi second. In
accor daNt@7B t he present. invention, a nethod of control’ﬂlﬁ§9-'(lm79r ate of
gas injected into a production tubing WD 96/ 07813

PCT/ GB95/ 02079 12 string is provided. :The tubing string is p03|t|oned
within a well and concentric to casing, formng an annul us therebetween. A.
cas flow control device is placed mﬁfh?ﬁ fhe well at a predetern ned

| ocation, the gas. flow control device conprising a housing including at

least one JpI 6l BpLhp APy BakoatkeO0R10U! b8! LRE bredld e Yl

conprising a t1oR an Ven: uri e .nozzl e portlon
i ncl udi ng %P¢k&é1%§f?r%?zéhﬁ’vanﬁBfilBfSGéSﬁd end and a nozzle flow path

between the nozzle fftgt &nghawd ahgraeazwiaacdeu%@atetsheh@oayxﬁmic
fl owpat h con ?IQ& fro the first nozzle end; to the seco d nozzl e end; and
exfoth

the Vent urR® C?nﬂ uBP n§*&mPLRASY BARAZ ﬁavﬁ“§§€6n§aén log, fontyat uri
f1 ow pat h déwi ebes fiethe phesbhntunventoumpathtdréergepgrﬁ&emdﬁstﬁéaﬁLul

first emjéééé£ﬁ%é@“t¥£& 2?28“9r809des a comparison to the dynamic
performance of a prior art gas flow control dev;ce employing
a square-edged orifice.'shown in FIG. 2. The graph is plots
of gas 1n3ection rate (MCF/D) (ordinate) and downstream
pressure in psi (absc1ssa) at upstream pressures of 400 ps1
(line D), 900 psi (line E), 900 psi (line F) and 1400 psi
(line G). | . : : - . ‘
' ' FIG 9 shows a graph which compares a pressure
profile for a square- edged orifice housed 1n a prior art gas
flow control device and a pressure profile for an exemplary
nozzle-Venturi orifice housed in a gas%flow control device
of the.present invention. In the graph the left-hand .
'ordinate is the upstream pressure in psi and the rightrhand
ordinate is the downstream pressure in psi. ‘The abscissa is
the distance. Line P is prior art and line Q is_according
to the invention. _ :
To illustrate the influence of a prior art'souare-_
edged orifice used in a gas flow control device. FIG. 1
shows a typical performance thereof. 'The casing pressure of
the wellbore, at the depth of gas injection through the
device, is a constant 1600 psig. and the desired tubing
pressure is 1450 psig. The casing pressure is defined as
the upstream pressure of the orifice, and the tubing
pressure is defined as the downstream pressure of the.
' orifice As the tubing pressure 1ncreases. the gas
1nJection rate through the orifice decreases Conversely.

as the tubing pressure decreases, the gas injection rate

through the orifice increases.




t he Ventwoi96/ors13t end bei ng di sposed adj acent the nozzl e RCREBISH2T9 t he
Venturi flow path being aligned with the nozzle flow path. to provide a
continuous flow path, the gas flow control device positioned for
transmtting the flow of |njected gas jf om the annulus into the producti on
tubing string. Conpressed gas is Eorced into the annulus. The conpressed

gas is constgggnes {Dsd! oM ddtutadl e eFESIOWICeRkr pridevase dPifidet he
gas with reservoir fluids within the production tubing string, thereby

reduci ngsédieigdeasigas. flowecoses) odevitel ds.In Hiegrikluserafiche ghs
forced into the annulus .is controlled with a pressure control devi ce,
therebyprnureartngriﬁscgass|prewided iniantemmnghnmentgat lbuorcomszng

devi ce by increasing the pressure of the gas in :he annulus, and decrea5|ng
t he gasamndjtebing pueésuneeugﬁ 1AeOogpsig| andc 8RO plslsevrsspsytaveiyasu ng -
the pressure_of the_gas_in the annul us. WO 96/ 07813

PCT/ GB95/ 0207¥P183} 1Y 2 £ 88 Aefddan (BFeIRMLR cdEAP ARFORS Sle REIRN BECi s

provided for &1 0 pati0g, 3630548 480" Ps . PrASNESLLN éé‘bfaé‘gssure drops
 of 150 to 200 p51,' high injection. pressures are required,
resulting in high gas compression costs. Where the pressure drop'
is under 100 psi, the gas injectiou rate becomes :more
unpredictable. Thus, a pressure drop of under_ioo psi is usually
‘not considered due to the lack of accurate data and the potential
of designing'an.ineffioient gasglift system. Accordingly, a
pressure drop in excess of ioo'osi across the prior art orifice
is typically desired and used as a safety factor in deSigning the_
gas lift system. .
' As evidenced by.FIGS.Il and 2, and as.known in the art, the
‘gas injection rate through the prior art orifice continues to
increase until the tubing-pressure declines to a value that is
about 54% of the constant casihg pressure. Thereafter, the gas
injection.rate through the orifice remains constant-as the tuﬁing
pressure is lowered The industry properly understands that'
critical flow through the - prior art square edged orifice is
established when the tubing pressure is about 54% of the casing
pressure. When the'tubing preéssure drops to the critical fiow
regime (i.e., the tubing'ﬁressure is 54% of the casing'pressure),
the gas injection rate through the orifice remains constant and

independent of the tubing pressure.



string of a continuous-flow gas |ift wel | . The production tubing string.is
posi ti ONOPSRT8IBi n said wel |l and concentric to casing, saRCTGBASHYP™Nnd said
concentric production tubing string formng an annul us therebetween. A gas
fl ow control device is positioned within said well at a predeterm ned

| ocation, said gas'fIOM/controI devi gg conprising a housing including at -
| east one inl et port and at |east one outlet port; and an orifice '
conpri si ng Estalzlshipgy ttlos enilticaknflow pegimenthseudhnahal conxﬂ‘ice)n
~including a nozzle first end, ‘a nozzle second end, -and a nozzle flow path
‘bet weartsaitd reldaindte stlewmdinatabilityozzFers en;amplemd fogaitdhenoverd

- flowpath converging fromsaid first nozzle end to said second nozz|e end;

and s&RETASING | afor 8 FHBIRY uDTRPINYNE r Ff cHESANDRLGeceRTaAIdshing a
Venturi flow path therebetween, said Venturi flow path diverging fromsaid
Vent uGriical efidoro LhronaRnthe BE&BRd Wto, SSParesrdged (928t AW bei ng

di d t d | d Vent fl th b -
GV R ?ﬁl%%"zfpﬂi ( K nesRabLSRRsa &sﬁ%éjémiwhﬁiﬁa@fﬁé‘gsam

gas 1 EBREE iﬁﬁ mdoi Bk L rsoltﬁr BB ARG Ve e fesa's?d‘%égd. s
For cednl 3 HagyaBauLUs,e ak.lspcgg%sasgﬁegéﬁffc&q@we Wbl d00Y

t hrough.” ‘sal ow contro evice to mx sald gas wt reserv0|r f|UIdS
“‘th'@éasible due to the additional cost ‘in gas compressron.

Fur-hermore, this practlce is not practlcal due to the 1ncreased .
lik:lihood of mechanlcal problems - ' - ‘d
It is an object of the present invention.to provide an

oriiice valve that seeks to reduce and erfect1vely elrmlnate flow
1ns1 ab:.l:.ty under normal cond:.t:.ons _ SPec:.f:Lcally,- it ::.s an'
objoct of the present 1nventzon to provdde a”flow controi device “.-.
which has the performance characterlstlcs that are 111ustrated o
in FIG. 3,' where the crrtlcal flow' regime and. a constant _
injvdtion rate are reached when the tublng pressure is
app:oxlmately 90% 95% or less of the casrng pressure, as opposed

to the 1ndustry standard of 54% for the przor art, square edged |
or111ce. j -

FIG. '3 is a graph whrch 1llustrates the deslred flow rate
periormance in a gas control device of the present 1nventlon
wheze the constant cas;ng.pressure is 1000 psig. Therefore, if
'the'tubing pressure declines'belou approximately 900 psig the
gas lnjectlon rate. through the control devrce remarns fixed.

Thus , for a typlcal pressure drop of 100 to 200 p81 across the.
‘gas flow control devzce, a constant gas 1njectlon rate can be-

'ach:eved resultrng in a stab111zed well and 1mproved economlcs..



product i oNVQ@ 90781 string, thereby reducing the density of sSpeficBOSEIYPI I

fluids. The pressure of the gas forced into.the annulus is controlled
with a pressure control device to achieve critical flow through the gas
fl ow control device, thereby . 14 maintaining a constant gas injection

rate across said gas flow control devite that is independent of the

pressure wthi p. | t LHoi stLing. . In rdapc  t -
present ‘i nve 188%;?%61 %gﬁ%? e‘ﬁbmgg'gt él%%%% aglgﬁ'ﬁ%y ?ﬁ ;:.col#[ [ El%%%}l ow
gas i ft 49eht$ohSifrand dedbabiisiaPs 2bRtrbieifgsSchd)RtfdXMuidmigad Fagegh
t he gas PI ow control device so that the gas injection rate is independent
of the El&%ﬁ?h tHE I Fs FIRNE BbAtkblcasai b switiituty canisiing dnseabildieys- f | ow
gas lift well. It is contenplated that fluids, nanely both gas and |iquids,
-can be bgedimplytdmntirdlling athe surdacenihfectionh premssre f alypically,
Accordingly, while the present invention refers to "gas lift" and "gas flow
control thési edso’ has tthe effiremprfitconthotlingi the buodugtioharatel vl ower
density than the formation fluids to be _ _ : '
. the liquids from the wellbore. Thus, by using the orifice valve

- of the present invention dqwnhole, the operator can increase the
pressure of the gas at the surface to increase the injection
pressure | (casing or ppst_reaﬁ pressure) at the. gas .flc.aw contxol
device, which, in turn, increases the differential pressure
across the gas flow control device and, therefore, the rate 6f.
.gas injeccion through the gas flow'.control device. .This,' in
turn, decreases the density of the fluid in the production tubing
strihg, which allows more fluidé from the reservoir to enter the _
wellbo;é and be produced. I_néreasing the pressure of the
injected gas increases the density of the gas such that, for the
same restriction in 'the gas flow control device,. the gas
injection raté_ is increaééd. |
The present invention is emﬁ:‘ldjred in. an exemplary
environment that is shown in FIG. 4. A gas lift well system 10
extends from above ground G, .wher'e _system 10 is connected to a
pressurized gas source (not shown) and to petroleum recovery
'équipment _(not'"__ shown') , and a subterranean petroleum reservoir P_. _
Pe't_x'bl'eum r:_i.sies-_'in, production tubing 12. .Pressurized gas is .
introduced into annulus 14, which .exists between the'productioﬁ
tubing 12 and. outer steel c_asifxg 16. Annulus 14 is sealed atl'_the
bottom of casing 16 by a.packer 18.. Pressurized gas is supplied

fz"o.m. a séu::fce:, such as a compressor (not shown). The gas -



Iif:ed,v j nj ected through the flow ceontrol device into the ErOduction
tubing to decrease the-density of the mxture to inprove 1%

foregoing has outlined the features and technical advantages of the present
invention so that those skilled in the art nmay better understand the
detail ed description of the inventi@othat foll ows. Features and advant ages
of the invention tha: are described above.- and hereinafter formthe subject®
of thpreksure dn tthe ianmpiusnlé iFhaeguwlatededy ra t breasurshcontrol :
appreciate that they may readily use the conception and the_specific
enboddswice. Qi soegedy &ithegudan Fdlushnblyiehrke eEsrgrraylacasy at
structures for carrying out the sa urposes of the present invention.

- - 15 then sid@ce-hat Thie RERASGIRPeg2Be . REPESFERFFuRCr ATERES 20,
11 USELBUPoR T hey PERaRR e P id "Lt ARSRTRG  GPRGARYSSEVIEPe
FIG &, Shott chll PREChrd 1R "84 °3nBl! BAAYS12 via a gas flow
coni:xrol device 22. - Gas injected inﬁo:production_tubing 12
.deéréases.the density of pétroleum rising'to the_Surfacg and |
enables nétural_reéervoir pressure to maintain this £low. Tﬁe_
'pretisure control device 9 is utilized at the surface to céntfdl' 
the pressure'in'the'annulu$:14,-ﬁhich; inlturn, establiShes thé o "
injaction piéééure (also referred.tb aslthe dasing preSsuré or:
upst.ream pressure). at the gas flow control device _22; thé
differential pressure across the gas-flow.éonttoi'deéice, aﬁd,f'
thus,'thé rate bf injection :hroﬁgh the gas'flow-cbhtrol device
as. . s _ _ :
Whiie the pressure.cqntrol device 9 islshOWn ét'the surface
in FIG. 4, it is'cdntemplated that a pressure control device caﬁ
‘be installed within the annulus at a depth;more.proximate the gas
flow control déﬁiCe 22. 1In this situation, a cérﬁainfamoﬁntidf,“
‘annulus is isolated to form a chamber for injection gaé whereby
the gas to be injected is delivered to'thé'chémber, and the gas
preésure regulated by the pressure control de'\iice_._which.: in turn,
'is controlled from the surface via a- h_ydj:ahlic or electric -
control line. - | |
Furthermore, a single well bore wili 6ften timeslintéféect
a nuber of producing formations and, fo;lééopomic réaéons}_these-
formatiéns; referred to as production zones, afe iéoléted.bY'

installing packoff devices so that thé individual zones can be



i nj ecti owWo9s/a78t%r f ornance in a typical, prior art high prBECHGB2SRRETI | ift
system - The graph is a plot of gas flow rate (ordinate) and tubing '
pressure in psi. (abscissa), where the casing pressure is held constant at
1600 psi. The region A is the criticah,flowreginme. FIG 2 shows a graph
which illustrates orifice gas injection rate performance in a typical,

Pri o apLohaefr @ﬁg@p@nmdw‘t W Pieibal By ol 2810y 3cp 8P AlsOhr AT W

rate (ofdrnate). and tubing pressuré in psi -(abscissa), where the casi ng

Pr essur gm ?io@éhdtéoﬂﬁbaﬂbeathéOQQe@:Sflc Abwend e AThe tLheitaitliced df ow
regime. FIG "3 shows a graph which illustrates the desired gas injection

rate petherngieri mrc gaasf | fhowondomiralevidevite, el nameby e ditest dymantic in a
continuous-flow gas-lift well. The graph is a plot of gas flow rate

(or di napeyfarmiangei, ngxw:esbar-eﬂ hhpsﬁlqvabsstsba}ltwm @ethlecomplﬂgi@n@sur e
I's held constant at 1000 -psi. The region Ais the €ritical flow regine.
FIG 4 wikrbserpluradigyoef produatdion §ubdndesE¥ang8nal Indel&ha Wi ew
of the environnent of a ag :IL;E_]J:SC“?;Q %%Q:Exrr()l ndeeva{c%e ctFI S lndll%i%%gtles a
cr oss- s&BFEBRALLEVe i HIMST ly i

_production tubing strings of the gas llft_sys_tem because the
. common ar’uﬁulus supplies the injéction gas to ea_ch' gaS- flow
contfol_dev__ice and the injection rate _ﬁhrough ea_ch _pri.or art gas
flow control device is‘_completely unpredictable and independent.

. The present invention p‘;'_ovi'des a constant gas inje.c,tion rate into_
each tubing string and will, __therefore, diminish the 'fllow_
instability cqunon in wells hav_ing a plurality of product:iéh
st_r:i.hgs_. |

A prior art gas flow contro'l' d_evice 22 having a square-edged
orifice is illustrated in FIG. 5. The direction of the gas flow
through the gas flow control dé.vice_'-is ‘indicated by arrows 26.
Pressurized gas at injection préssure enters the p:’:jior art flow
control devic_é 22 thﬁr:ough inléts 24 and flows through a square-
edgéd orifice 29,' c_ohtaihing passage 29a and seal 29b. Gas th_én.
passes through passageway 28a of.'an.orifice holdexr 28 and past
t:he'_c.:heckl valve 30. Gas is t_:hén d_isc_:harged throx_zgh outlet 32 at
the nose 'end 21, é.t" pro&u’ct‘ion ' pressuré, and '_lpasse_s' j.nto
product:.on tubing 12 (FIG. 4) .- ’I‘he' ‘passage 29a and pasﬁageway ._
28a typlcally have c:.rcular cross- sect:.ons, when considering'

those cross-sections are take_n along planes perpendicular to the

longitudinal axis of. the gas flow cqntrol device.



st andar orlflge gas injection control .device haV|ng a sgyare ed%g
orlflce 6A and 6B illustrate a cross-sectional ?enplary

_ orifice.gas flom/control device of the present invention including a

- nozzle-Venturi orifice; FIG 6Cillustrates-a cross-sectional view of a
nozzl e-Venturi orifice assenbly that2das included within a gas flow control-
devi-ce of the present invention; FIGS. 7A and 7B illustrate a
cross-sectFo@3+ 6GAcand 6B 1aluaﬁraseananwﬂx§wp§ﬁsy|qas ‘fhowecontrbd .
present invention including a nozzle-Venturi orifice: FIG 8.shows a. graph
whi chdevicet6@tel the rrpaent inventdiamce The grsekdey septrelzdeviesnt ur |

gas flow control d §V|ce of the-present invention at three separate uypstream

pressﬁ?e@asaﬂﬂnﬁfé 1y, Bl geame bﬂﬁﬁ???ﬁﬁ FBdtﬁemH9H§ﬁF§ Bér BPRg&ne€ of a
L Bl et s e P18 P8k BB ARV i o TR ?“C?hafZ?“”;nd
dO““SlﬁéaGalng a dummy tail . sectlon 62, 1nlet ports 54 and nose . end
61 vith a check valve 65 and outlet ports 64; the check valve_65
includes a dart 67,'a spring.69, and a check'seal'7i;' However,
the gas flow control device Gd of the present invention includes
a nczzle-Ventnri.orifice 34,-instead'of the'sqnareQedged orifice
29 found in the prior art. - 1.':,. o - (
The dlrectlon of the gas flow through the gas flow control
device of ‘the present invention is 1nd1cated by- arrow_s_ 26.
Pressurized gas at injection présSure (casing pressure)_enters
the inlet ports 54 and flows_through the-nozzle-Vénturi orifice
34 znd past the checklvalve €5. .The gas"is then'disoharged
through the outlet ports 64, at productlon pressure (downstream
pressure or tubing pressure), and passes lnto the productlon'
tubiag. | | |
An exemplary nozzle-Venturi_orifioe 34 is illustrated in
detail intFIG.pGC'and may'comprise, for example;.a oircular arc
Ventiri, and includes a nozzle portion 34a and a Venturi portion .
34b.. szZle portion 34a lies above a throat 36, and'Venturi'
 portion 34b lies below throat 36. o o
Nozzle portion 34a :.ncludes s:l.dewalls 38 wh:Lch offer m:.n:.mal:
resistance to the flow of fluid (gas or 11qu1d) as the fluid .
' appruaches throat 36. Sidewalls 38 are progress1vely'restrlctlve

to throat 36. The cross- sect;onal area of throat 36 is less_than | .



pressur eWO969813 absci ssa) at upstream pressures of 400 psPCTGBA¥020]9 900
psi (line E), 900 psi (line F) and 1400 psi (line G.. FIG 9 shows a graph
whi ch-conmpares a pressure profile for a square-edged orifice housed in a

prior art gas flow control device andyf pressure profile for an exenplary

" nozzle-Venturi orifice housed in a gas flow control device of the present

i nvent {R8. c¢tdbd heedt Ghalt Rerd£f bfhansk#1&li paireibn tHea UREId eTENRLEISUT €

in psi, and the right-hand ordinate is the downstreampressure in psi. The:
abSC|spartschhs46|stance Line Pis prior art and line Qis according to
the invention. To illustrate the influence of a prior art square- edged

orifice use8igeawaldsas 38 owreorncunvedeviore, cuivd.linesoms suchygibatt the
perfornance thereof. The casing pressure of the viellbore, at the depth of
gas i npéepagnoﬁhutmcrmelw deeagured cifhseash DGULC palgngakbet RuTVes| r ed
tubi ng pressure is_1450 psig. The casjng pressure‘is defined as the -
upst r et pPEsSBPEZHE tR@rB%?Flc%4aands¥?ﬁﬁtlhﬂ¥ﬂ$'pﬁ&ﬁﬁkqgrqg-déﬂlnébeas t he

downstream pressure of the orifice. "~As the tublng ressure increases, the
gas | nTEECRBACIERS (7%n THE GFFRLEE MicrHRRC RRHRG?sepproaching

throat 36. Also, the curvature of nozzle portion'34a ;s such_
that there is a radius of curvature 44 which is greater than a
diameter 46 of the throat 36 by'a factor between 1.5hand 2.5, a
preferred value being 1.9.

Below_throat 36,'Venturi 34b increases in cross-sectional
area at a rate such that vertical walls 48 thereof form an angle
S0 to a vertical, or longitudinal, direction 52. Angle 50 lies
within a range of four to fifteen degrees, a preferred ﬁalue
being six degrees. | | ~

The ratio of the cross sectlonal area at the dlameter 46 of:
throat 36 to the cross- sectlonal area at. the w1dest point of_. 
nozzle portion 34a, as measured at the mouth 54, is equal to or
less than 0.4.

Cross-sections of nozzle-Venturi orifice 34, including
cross-sections of the nozzle portion and the Venturi portion,_
considering those cross-sections. taken along' planes perpendicular_ |
to the Venturi axis, are generally'represented.as being clrcular.
This is due to the expectatlon that manufacturlng processes for
forming nozzle-Ventur1 orlflce 34, or for formlng a die or mold
to manufacture the same will be centered around cutt:.ng a
rotatzng plece of stock, as exemp11f1ed by a lathe operatlon-

However, it is contemplated that other manufacturlng processes



as the L*ﬁ ressure decreases, the gas injection rate through t he
ot

orifice VO 96/ 07813 _ PCT/GB95/02079
PCT/ GB95/ 02079 17 FIG 2 also illustrates the effect of the prior art
orifice used in a gas.flow control device. In this-illustration, the prlor

‘art orifice is provided in-an environggnt at |ower casing. and tublng
pressures of 1000 psig and 850 psig, .réspectively. Typlcally t he des!red-

.pressurg.dr S r o] bet
Fovavert S FRSAES 08 Bh4o ‘i%‘%éfoéé““‘*gg??sh?gﬁe. hel Gkl sl ble

requi r e thesHbikle pOrbich £98 VIS Podit ieiShte YHAECDLESiBLESS Wy dr Op .
I's under 100 psi, the gas injection rate becones nore unpredictable. Thus,

a presexiepliegp cofrnenpondity paoss sextaldns wE reslialaratt ke difdwe | ack
~of accurate data and the potential of designing an inefficient gas lift -

syst em34 An@lorGliengtq'c;tanquasureldnm:malexcpokygbnamo feipeargemmse tiaiec pri or
art orifice is typically desired and used as-a safety factor in designing -
the ga& ppp@rgﬁk4ﬂﬁr even of other conflguratlons. ,:
' Gas flowing w1th1n nozzle portlon 34a of nozzle-Ventur1
-or.flce 34 flows at a hlgh veloc1ty and a low pressure The gas -
flowing through Venturi portion ’4b decreases in velocity and
increases. in pressure such that the gas exiting the valve 22 has -
pressure recovered with a mlnlmal amount of energy or pressure '
losis. B
.For optimum performance, the'nozzle portion 34a and the_i
- Venturi portion 34b of the nozzle-VEnturl.orifice 34 should be
macle of low-"friction materials, such as ceramics, highly polished-. :
metals and plastics. 'Thus,_the frlctlonal losses ‘across the
norzle?venturi are minileed The mater1a1 used in ths orifice
valve that was tested was made of 17-ph stalnless.' .
FIGS. 7A and 7B 1llustrate another preferred ‘embodiment of
a qas_flow control device of the present.lnventlon, where a |
nonzle-Venturi_orifice is_housedfwithin.an.artifioial:lift valve,
also'oonmonly referred to as a gas lift valve. Referring now to
FIGS. 7A .and' 7B, an .exemplary art_ifio_ial_ lift valve 200 ‘is
" illustrated in detail, which is representative'of artificial 1lift
valves enclosed within a side pocket mandrel . included in
praduction tubing.u- It should be- understood__that the
oonfiguratlon described for this artifioial lift valve is for .
purposes of explanatlon only and is not 1ntended to 11m1t the

nventlon to a partlcular constructlon of art1f1c1a1 llft valve.



As evi dewoesbiorg13Fl GS. 1 and 2, and as known in the art, thecEmesesw2mction
rate through the prior art orifice continues to increase until the tubing
pressure declines to a value that i's about: 54% of the constant .casing
~pressure.. Thereafter, the gas injectign rate through the orifice remins
~const-ant as the tubing pressure is | o&gr ed. The ‘i ndustry properly .

under st s t hat i L hrQug e | . ; SHUBEe-Hkoee Of 4 .
is est qé%@iv\ﬁfé% %ﬁ%g%ﬁ&%?g‘%r essut%él-s %ogf’egégﬁgﬁ the casi ngé)jr'é:_"'I °
pr essurﬁft V\b%fwééeahab-'cmiﬁf %ﬁgg&&f@%f@_ WEE1 Ckhbiva! thigwwiaal nse -
(i1.e., e tubing pressure Is 54% of the casing pressure), the gas .

-i'nj ect i glsdAfSed NI RUEBmEN BRIl GR NEFevide CHASkGAbuRddanddeperdatitind t he
t ubi ng pressure. WD 96/07813 . '

PC/ GBS &P 18 fstaidésdtagdine ofi theainténwviorgi ne through the orifice
acts to elimnate flowinstability. For exanple, for the well operating at
a tubi ng pressurlF wdt it dsi FIGSSt JA-78hi dg arpreferréd mnbhodinemt (o
prior art, square-edged gas flow control device could be established by
| ncr easting irventigimghe artificial 1ift valve 200 is made up of a valve
housing, indicated generally at 202, which is shaped ahd Si_zed
to reside within the _box"e 204 of a side pocket mandrel in
production tubing. .It is noted that the bore 204 of thé side
pocket mandrel inclu&es a number of generally radially outward
facing lateral ports 206 which permit £luid communication between
the _interior of the bore .204 and the wellbore annulus 14 (a_s
shown in FIG. 4);_ The lower portion of the bore 204 also-
featuz"esl one or more radially inward-facing apertures (not shown)
| which will permit f:_L_ﬁ_id communication between the interior of the
~bore 204 and the flowbore within th_e_.tub_ihg 'string 12 (as shown .
in FIG. .4) . Side _pocket_ mandr_el designs of t;his nature are
widely _kn_owh.
The valve housing 202 itself j.ncludes an upper dome sub 208
which ié threadediy cohneét_ed at 210 to a bellows housing 212
below. The uépeﬁ:' end of the uppet _donie sub 203 features a
threa_déd _portioﬁ 214 which permits the valve housing '20.2 to be
e'ng;t_g_éd _w_ith-_a la_téhable member 216 '_(Iatcha_.ble portién not shown)
for secure fasténi-ng of the valvé 200 within the' bore 204 of the
side pockét maﬂdrel. The bel_low.s housing 212 is threadedly
er;gaged‘ at 218 at if.s lower end to a connéctolr sub 220 which, in
turn, ié threadédly attached to a main valve housing 224 . The

main valve housing 224 carries an outer annular elastomeric



pressure from 1600 psig to 2700 psig or above. However, creating such-a:

- hi gh p%096MB1¥iop across the orifice is not econonical | PCREBISMES due to
the additional cost in gas conpression. Fur:hernore, this practlce is .
not practical due to the increased |ikelihood of nechanical problens. It is.
~an object of the present invention tgg provide -an orifice valve that seeks

to reduce and effectively elimnate flowinstability under nornmal

condi paoking 2%pachfchalwhen ithd yaiveobpecis afidposen exiditin thenbore to
provide a flow control device which has the performance characteristics -
that 204, ieffiectat adfilnidl seal3agahnst the innercawrface ofgrhe hotea
constant injection: rate; are reached when. the. tubing pressure is
appr cx4mat el Theomaday, valyes hawsing: 224 ﬁésﬁr REEFANt S sOBEp e dMOFE: he

e £ 0181 R%%Fc%g;’{z%?é“;/%ﬂi’%at 5&&%‘53@?% FE “asawa?%re Rt orsh she” '
pontrol ldev £ the ff? e"uqbl an V\/ner th% cg? t ant §?S| [l_% gr essure
i's 1(}%" bsY e %‘I‘%?‘B t the’3 bt r‘?geap ﬁrlg e n&€ BEFONS
appro%‘ﬂ;?@é&é% %%%x?e%:fgmﬁ h%sﬁasté NLRG! 11 dAt Enkihiy ?Jggséh?nagggt Lghgevice
_remai ns T ypi cal “pressure drop o pSi  across

the gasu iﬂ&’ 9491 04 r?@é’ifé’ové?n&%:?tl?éﬂsﬂ-ﬁgs 2'3'31 Gt tﬂQe%@Te% 881288 to

the valve seat retainer 230 and carries an outer annular pack:.ng

238 about its circumference which, when the valve 200 is dlsposed
w:.th.n the bore 204, effects a flu:.d seal agalnst the inner _. | ‘
suriace of the bore 204. F:Lnally,' a tapered nose piece 240 is |
threaded at 242 to the nozzle-Ventur:L hous:.ng 234 _

A n:.trogen charged- chamber or "dome" chamber 244 is located'
near the top of the valve 200 A £i11 valve-246 and a re_movable
threaded main seal plug 248 are located thereabove |
| Below the dome chamber 244, a main valve assembly 250 1S-_
reclorocally- ‘disposed within a bellows chamber 252 and a main _
valv: chamber 253 wh:.ch is def:.ned by the ma:.n valve hou31ng 224
A reiuced d:.ameter neck 254 is located at the upper port:.on of
the bellows chamber 252 and _separates the _bell'ows chamber 252
from the dome chamber 244 above. Th'el_nairi valve assembly 250 is

| made up of upper, central an'_d'l'ovv'er stem 'sé_'cti.o’ns_ 256, 258. and
260, res'pect_ivelir, which are threadedly connected to each other ”
in an end-to-end relat:.on as shown. The 'm'a.llin valve assembly 250
also features a valve plug 262 w:.th a downwardly presented
sphe:.lcally-shaped closure . _member, or ball, | 264_ threadedly'

engacred to the bottom of the lower stem section 260. Below the



achi eved wo96k1818g in a stabilized well and inproved .econoPCTsGBIS/I020M®
96/ 07813 PCT/ GB95/ 02079 19 Anot her advantage of the orifice valve of the
present invention is the capability of controlling the injection gas rate:
through the gas flow controtl. device, w4hout causing. instability, by sinply .
controlling the surface injection pressure. Typically, this also has the

ef fect Qh1¢RNLIYY i2uR t he wiDeIcséan 264 eisf mhiArhiAsddsnf poaceheivalibbore.:
Thus, by using the orifice val ve of the present invention downhole, the

oper at Ok hea fhalific vadie tdlﬁnweesssae W tHe wedveatsddre i t280 ncr ease
the injection pressure (casing of upstream pressure) .at the gas flow -
control devi ®he ugpexh steém section 256cofatbe maindivalvecassembiye250r e
across the gas flow control device and, therefore, the rate of gas
‘injectids dispogied frhrpugls [the @eduasd Giameser mEeks 254n t & SeTdesr @éses

t he: den5|tﬁ of the fluid in the production tubin sfrlng whi ch all ows nore .

f 1 ui ds t pEnpd 3T baffles %ﬁ?e‘ilm‘é‘“mﬂi%ﬁl @wwwmmns of

| ncreasing the pressure of .the
. th% uppe@ stem sect:.on 256 wh:l.ch are s:.zed and shaped to rece:.ve

.sﬁall amounts of v1scous flu;d and thus, during movement of the
maih?valve.assemblyizso, serve to dampen vibration,

" Within the hellcws chamber 252, and generally radially
'surrounding the clehtral stem’ s_ection 258, 'is an accordion-like
bellows 270 which .will_an.:i_jally extend and retract within the
bellows chamber 252. The bellows évo is made of a flexible,
waterproof materlal.. A.compressioh.spring_zss is located within
the bellows chamber above the main valve assembly 250 to limit
excessive upward trave,l of the main valve assembly 250 and
overcompression of the bellows 270.

-Tvo mutuallv:oéposing fluid pressure conducting.passages.
separated.by the bellows: 270, ‘are used to control the openlng'and
clos;ng of the main valve assembly 250 due to the fluld seals
created between the bore 204 of . the ‘surrounding s:.de pocket
mandrel and packlngs 226 and 238. The first pressure conducting
passage, generally at 272, includes the dcme chamber 244 and'the'
bellows chamber 252. _Pressure 'uithin this Efirst pressure
conducting paSSage is'maintalned radially cutside-cf the bellows
270. The?first pressureﬁconductihg passage 272 is pressurized
prior to.disposal of the artiflcial lift valve 200'intoethe
wellbore. The bellows chamber 252 is filled with a v1scous fluid

until the fluld covers the reduced dlameter neck 254 and .reaches



I njected gas increases the density . of the gas such that, %@ BokG2096E
regtridfogﬁwmﬁ3the-gas fl ow control device, the gas injeg |%% rate is

i ncreased. The present invention is enployed in an exenplary .
environment that is shown in FIG 4. A gas lift well system.10 extends
from above ground G where system 10 28 connected to a pressurized gas
source (net--shown) and to petrol eumrecovery equipment (not shown), and a

" subter ﬁaﬁ@éfﬁ%@ﬁﬁol“@tﬁh%é‘éﬁmﬂ?m@ chamber ri s€hej dopeochamber 244 ng
the pr bduthesn asasg 1 ?&?ﬁeﬁ%&%ﬁ!%%ﬂﬂ%ﬂa@x' 36 Pien od at
Sour cotb BadhaS B ks e PofHISrd g T3S 08 [ hE8088°%" TRk ) e
207 st By EelnBraBe M BING S4Y D' FofOINd Dy (RKGER, EncDRRE Ypgl F139 "

represgpigd bByga fhyees fromthe conpressor, through the pressure
cont rol Q%egl ce69hhgw§ ?%egugh the annul us 14 into-tubing 12 via a.gas f|0W-

The second.pressure conductlng'passage 276 1nc1udes the main
valve chamber 253. Fluld and fluld.pressure from the wellbore
annuluSIBéo'enters'the'main_Valve chamberhvié.Ports 225. Fluid

~en:ering the main valve-chamber 253 is maintained radiallyrwithin.
- the bellows 270. |

Resultant pressure within the second pressure conductlng:
passage 276 acts upon the maln'valve assembly 250 in counterp01nt o
to that provided by the fluid sprlng of the flrst pressure_
corducting passage 272. When the pressure within the second
pressure conductlng passage 276 overcomes that provzded by the
fluid spring, the closure member 264 (ball) w111-be 11fted from.
the seat 266 to permit flow of fluid entering ports 228 to flow
dowuward past the seat 266 and into and through the nozzle-
Veniiuri orifice 34 def:.ned w:.th:m the nozzle-VenturJ. hous:.ng 234.
The nozzle-Venturi orifice 34 (as shown 1n detall in FIG. 6C)
extends downward to ‘and past a check valve assembly.zao_at the
lower end of the valve 200. .There_fore“, " :Eiuid ente_ring '_the'
nogzle?Venturi'orifice 34 downward_past the valwe seat éss-can

' move downward through the nozzlefventurizorifice 34, out of the
lower end of the Vaive'zoo and into.the lower'portionfof the bore
.204 where it may enter the product::.on tub:.ng strlng through |

aper:ures 1n the mandrel below



control J%%E%sti. Gas injected into production tUbing_1£c3§¥¥@@§83 t he

density of petroleumrising to the surface and enabl es natural reservoir
pressure to maintain this flow - The pressure control device 9 is utilized
at the surface to control the pressur@% n the annulus 14, which, in turn

bl i sh he inj ion:pr £ (al fi d t t.he _casi e
or upst r eam PriAtiE) Vet %?r}?&%elf 3% P8 MATIRRAL S NI ERE WP PG 18l
- ' t X ' t , g O : e
et SPERFS R L SR s e O B, S iipee
I | 9¢i é#ﬁl. ; hh | Wi a that
gogﬁ;gsﬁggxﬁgﬁ?r8?&83%@&§€3u5§5?$%gqa éﬁpﬁg%ﬁ¥ﬁé?hghaﬁ%ﬁfus aggg_gggth
nore progwdRt enideofaght! YW1GRNTI00 . deViHe® Zranddméit So¥l (i | RBzzle-

certain amunt of annulus is isolated to forma chanmber for injection gas
- Wher ebyvéheugisisobéseti spent by refdekingr eflckoaghgnchankes. 8ad the gas
- pressure regul ated by the pressure control device which, in-turn, is
control |l ed fInnattypiscal agas \liifta valydr,athec combéhattioncofobhe ohovabke
- Furthernore, a single well bore will often tinmes intersect a number of
pr oduci agem @nditsents dgfdneson presowre-adivstable nsid oo mnd,0ap, priderred
to as production zones, are isolated by ' : S
art gas lift valves, the larger the ball and seat size, the more
that.the tubing pressure affects the opening and closing of the
valve. Fluctuating tubing pressures can cause the valve to open
and close erratically,'causing erfatic injection rates that may ’
further aggravate the fluctuating tubing pressures.
Additionally; prior art gas lift valves are subjedt to all of the
limitations déscribed_ above that are related to pressure recovery
through.the assembly. In comparison, a'gaé lift valve of the
preseﬁ; invention will have iﬁproved pressure recovery and an
 increased gaslinjection rate due to lower frictional losses
across the gas lift valve, thefeby increasing'the efficiency'of
the gas lif;”system. Fﬁtthermore, the gas 1ift wvalve of the
present invention will also be less suscép;ible to fluctuations
in the injection rate. 1In the gas 1ift valve of the preSgnt
invention, a converging-diverging,'or nozzie-Venturi; orifice
downstream of the ball and seat will result in a constant
pressure below the ball and seat and injection of the gas at a
constant critical flow rate which”is determined.by the physical

geometry of the valve and orifice.._C6mpafed to the_p;ior_art gas

1ift valve, a gas lift #alve of'the.present invention will have -



I nstall gn(%%gkoff devices so that the |nd| vi dual zones can be - WO

96/ 0781 PCT/ GB95/ PCDEBN208® oduced
i ndependently. A pIurallty of tubing strings are thus enployed to produce
the specific formations. The linmtations of the prior art gas flow control
device, nanely its dynam c perforrran@@ exacer bat es the flow instability in-
wel | co | etions.with a g{urallt Eroductlon tubl tri-ngs. In such a’

wel | wex | diffexential | PReFS ?‘5 Bt cRiFR %We# oV RFTPEBaFhe.

productlo ing, strin of the gas lift system because t he common annul us'
suppl | & Pjrfekl{) %’c‘{?o‘ﬁlgisWS“’éach gas flow control device and . the

ection rae. |4riidhaeagh Wik Aty aggﬁéésowe%%nmhﬁ%vgﬁswaa coqpl etely

unpr edi ctable an I'nventi on provi des a ant

gas | ﬁcérhfé‘tggrforﬂiﬁcéasﬁ ta&hb'e'i&m (el oY nturi‘gn?fif’{é’e gsm ”_‘i sh

t he owms Ity common in wel aving a pldrality produc I'on
stri ngﬂcﬁ é&ﬁ@foﬁraeeféefé@%ﬁ@ﬂ@f@éeﬁevm@eﬁelmwag hodyad - PGS

orifice is illustrated in FIG 5. The direction of the gas flow
6A and €B, and the dynamic performance of a conventional gas flow.
cortrol device having a sgquare- edged orifice, as shown in FIG. 5.
A y;as flow control dev:.ce - of the _present. _in_vention, which'
included a nozzi_e-v.enturi. orifice 34 having a throat diameter
(item"46. of FIG. _'6C) of '0 332 inches, wee tested' at three | '
separate constant upstream (injection or cas:.ng) preeenres, |
namsly 400 ps:l., 900 psi and 1400 psi. Further, test resul'te of
the dynamic_ performance of' the inj ection'ga_s .flow co_ntrol_ device
of the present invention :ha_'ving_ the -pres_ent nozzle-Venturi
orifice 34.'a't a conStant'upstream pressure' of 900 psi., wh'ic_h.is,
rep resented by the cuﬁe including point A, _i_e compared to t'_est_
.'res'ilts of the dynamic performance-of a prior art injection gas
flow control dev:.ce, namely a standard orifice valve, hav:.ng a
 squiire- edged orifice 29 (as shown in FIG. 5) _‘I'_he test results.
for the prior art, _quare-e_dged.orifice valv_e are indioeted. by
the curve in_c_]l.ud_ing. point B_.. Both of the gas flow control
dev:i..ces hed the same diameter of 0.322 inohes, ~and both Q:ere.
tesi:ed at a ','con_'sta'nt upstream preesnre of 960 psi. The s'onie.
(critical) £low rate reg_itne is that portion of eaoh.'_curve that
is horizontal. By operatinj " a gae inj_eotion _'f_low c_ontro_i device "
in the sonic flow -r_e'g_‘ime.,-_a stable gas. lift eystem_is achieved.
It is readily apprecieted that the broa_d flat portion between tne

ver:ical axis and point A, representing sta_ble 'performe__nce of a



t hr ough wbe@egze3f | ow control device is indicated by arrowPCITEBISOERuri zed
gas at injection pressure enters the prior art flow control device 22
through inlets 24 and flows through a square- edged orifice 29, containing

- passage 29a and seal 29b. ‘Gas then p33ses through passageway 28a of an

orifice holder 28 and past the check valve 30. Gas is then discharged
t hr ouglgasut fow3zomtncle drsicendf2the pregesducinvenpiensdncluddng misses
into production tubing 12 (FIG 4), The passage 29a and passagemgy 28a

t ypi calNSEHBVRREREH 4T %?b%%-%‘éct%%ﬁ%‘fc‘%\ﬁ’é\@%r@}%rqr}?‘?g qyFResponding

c1 0% 4 U |Gl W1, YBRSR LRSI e 5 NS ARy
PCT/ GB95/.Q2079 A and 6B:i.ll : - trol
T O 82651 e pBne, BRI M B AR BATRE Sl 27

| digBnsi i LOF 3 @& ! -
genera éc}hJ%lf‘cdgc\?;ﬁE'%lé ?%ﬁ.?lﬁ.:cﬁrj:\tra;‘gf% CQ%@ﬁﬁ%h%?ag Eaﬁﬁfe%dbgﬁ RBEicd! 9as

flow contro din Fl , 1ncluding™a dumy tal

secti Oidiovdlt SlatPeiimi lad gﬂddﬁessoﬁr_gslréésd&ééu horeeghisVelus &%ﬁ\@mut | et

~ ports 64; the check valve 6

a gas flow control device with a -noz.zJ_.e-V'enlturi orifice 34 than
~through a gas flow ¢ontrol_device with a square-edged .orifice
having the same throat size. | -

Listed below are the test results ach_iévéd for vari'ous-'sizea'
flow control devices of the pre#ent .i_nve_nt:'_.on, ‘namely orifice
valves including c,erﬁa:i_.n sized npzzlé-V_entu_ﬁ". orifices, '_-at
.various .upstr.e.am (injeci:io_n)- pressures. Thé_ results listed are
the downstream pressures, :.n terms of pércentagés of thé up'stré.am
pressure, at which ci‘_itical fiow across the 'f'low cq;xtrol devices

' was reached, which_ is designated as Point A in FIG. 8.
Altei:natj.vely, -the resu_it:ing differential preséu_re at which
critical flow across the flow control devices was reached in the
‘tests is readily calculated as a percentage of the injection
pressure by subtracting a given downstream pressure, listed as
a pe_i'cehﬁage. of the: injeci:ion _éréssure, from 100%.
- Downstream Pressure As A |
Perééntage of Injection Pressure
- At whi_ch Crit.icai" Flow Is Reached
' Ubstréam o .
(Ihjéction)

Pressure (PSIG)



i ncl udgg, 67, a spring 69, and a check seal 71. However, the gas
f1 ow cxt’?fﬁ%%w ce 60 of the present invention includes PCTIGBISOY et i | |
orifice 34, instead of the square-edged orifice 29 found in the prior art. . -
The direction of the gas flow thr ough the. gas flow control device of the
present invention is indicated by aPPows 26. Pressuri zed gas at .injection
pressure (casif essure ers t Lnlet p an ws through the
nozzl e‘”‘\?en'turl ¥ce. 34;%m#past ?ﬁeﬁgheck %r@’é 65. garhéggas is then
~di schar ged, through the outlet ports 64, at production pressure (downstream
pressure dr tubing pressure), and passes into the production tubing. An .
exenplgyy rnozzlﬁ Mant uri 4|§g‘ce 3495s5;‘l I ustggtgg I n dgﬁa%;‘ in FIG 6C and
.may conpri 'se, for exanpl e, a circular arc Venturti, and 1 ncludes a nozzle
portion 34ra and a Venturi portion 34b. Nozzle portlon 34a lies above a .
‘throat 36, and Venturi portion 34b |lies below thrdat 36. Nozzle -portion 34a
i ncl udayp sli dewed4 s788 ng:&t pEfer neeipwl ressetpwce tosghesflow of fluid
(gas or I|qU| d) as the fluid approaches throat 36. Sidewalls 38 are -
progressively restrictive to throat 36. The cross sectlonal area of throat

36 is less than _
' 0.204 ) 0,266 0 314 0 326 0.332

Oorifice Throat Size In'Inches
~(See Item 46, FIG. GC) |

The gas flow control dev:.ce of the present lnvent:.on o '

:r.ncl iding the nozzle- Ventur:. orifice 34 prov1des for a lower_ |
pressure drop in achieving sonic, or cr:.t:.cal, flow. Squ_a_.re-
edged orifices typica‘;lly.req"uire a pre"ssurel':drop.of 4é'_ percent
of upstream pressure to produce sonic _\.relocityl flow therethrough.Il
In contrast, as illustrated by the. table: above, the gas contro1' __
device of the present J.nvent:Lon 1nclud1ng a nozzle-VenturJ. |
or:Lf .ce typically requ:Lres less than a ten percent pressure drop
of upstream pressure, and often less than 6 percent pressure drop

" of upstream pressure to ach:teve critical flow. The ab:.l:.ty of
the ¢jas flow control device to ach:r.eve cr:.t:Lcal flow at such a
low pressure drop causes the gas J.nject:.on r_ate through _the gas

flow control device to_ ‘be generally indepen_dent of the tubing,_ -
| pressiure, effectively'el'iminating flovr' instahilit’y as descrihed
above. In a_dditioh_ to the gas injection rate being independent
of trke production tuhing pressure', the gas inj ection rate through |

'- the <as flow control device can be controlled by adj.us_t':"._Lng .the |

injection pressure at the surface, which acts to increase or -
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cross-sectional area of nozzle portion 34a and Venturi portion 34b. :

Si dewal | s 38 are curved, or curvilinear, such that the slopes of tangent
‘lines neasured at each point: along the3aurve 42 of nozzle portion 34a,
sl ope being considered in the mathematical sense, are greater at t angent
poi Nt's afgdEmde nche (predswfe and sthe tlemsamyvaﬂfutheoinneztbd gast Lnntha S
such that there is a radius of curvature 44 which is greater than a '

di amet eram®alyds ¢t he- t hroat 36 by a factor between 1.5 and 2.5, a preferred
value being 1.9. Below throat 36, Venturj 34b ingcreases in ¢ross-sectional
area at a rat® seé'ﬁletzha‘wvélﬂi"'r'-@&lr wrRlain ther st fekencm hﬂglt@%oflﬁwa

' t I I i.tudi_nal , _di t 52. le 50 [|i t i f
our ¢ o BeTHeIARES: be 2 apﬁiér?é' ”%ruﬁ% " pssTicipeies P HE 8 o

cross. sTana1Sades STe e RHLERETELGD BP-Rmbhl s RSB L AT @38 e

at- the npyth ééntkéleﬁlé@lcteoﬂ the present invention having a nozzle-

Ventur; orifice, FIG. 9 illustrates the pressure profiles of each

device. The upper porti_on of FIG. 9 shows an overlay. of the

cress-sectipnal views of the two devices takén_ along the fI_I.ow

- path of the inj'ected ges, with the dotted line represehtiné 'the

a square-edged ~orifice a_rrd .th_e_ solid line with hatching

representing.the nozzle-Venturi orifice. The arrow,ih the upper

portionlof FIG. 9 indicates the direction of the fl_ow of injected

gas through the two devices. | ‘ o

The lower portion of FIG. 9 is a gré.ph that plots the lgl'_as

pressure within the devices as a function of t_:_he position_of the

gas as it flows through the devices. The dotted line represents

'the .pressure pfofile for the square-_edg'ed.orifice_ of the prior

art gas flow centrol d_.evice.a_nd the solid 1i:_1e i_'epre_sents the

'-press'ure profile of the lno_z'z_le-Venturi ori_fice of the gas flow
contfol device of Pthe present in\rentipn_.' _ For an injection
pressure of 1000 psia; the sonic flow at the throat (the critical

flow regime) is esté.blished for both devices. Fo'r air flow.this_
corresponds to a pressure of approx:.mately 540 psia at the

throat. ThlS flow cond:LtJ.on results in the maximum mass flow
rate es indicated by po:r.nts A and B in fa.gure 8, for the nozzle-

Ventur.n. and the square-_edg_ed orifice respec_:tln.vely. After the

throat, where the greatest wvelocity and the lowest pressure



less th oss-sections of nozzle-Venturi orifice 34 ncludlng
Cross- Sg@??‘éﬁ’g%’ the nozzle portion and the Venturi port QF( Y /er i ng
those cross-sections taken along planes perpendicular to the Venturi axis,
are generally represented as being circular. This.is due to the expectation
t hat nanufacturing processes for for4 ng nozzle- Venturi orifice 34, or for
forming a di'e or nold to manufacture the same will:be centered around

cutt |‘h€f‘ér$ ot kg PFessursf IREERASES ek@ﬁﬂ‘f##%h @pda Ehehevebeeityon.

ontenpl.ated that other rranuf act urin rocesses
' VH&EY %éséé Jc.n thcrerp dfrectlon og the flow. For ?E’S?b?ﬂ%nmrhre

f th le
i Seedl ot eaﬁﬁﬂ%tn?v%#%%%a il rﬁfgf%%é?ﬁe%ﬁgéoe%cic&%?ee"ucéq eglﬁéﬁd?ngl
: t
pory CRGFELEEE BECBRER. S YAR! WredliLl SocklidIy A5 AR AL oSbEHR ' 2L
flowaﬁlﬂéélﬂsneﬁzyes@%htonz%@%mfm@oaﬂ ech\ée%&irﬂ ﬁééé&fe el gy at: a |

hi gh velocity and a’l ow pressure.
: examole, 600 ps:.a Therefore, the son:.c flow for a nozzle-'

Vent_xr:l. flow control device can be ach:.eved ‘at a much lower'_
pressure dlfferentz.al resultlng in a hlgher ex:.t or product:.on
pPressure, as compared to a square edged or:.f:Lce flow control .
devize. S | _:-” j[' ..l | A |
it therefore can be seen that the present nozzle VenturJ.
prov1des for a gas flow control dev:.ce that m:l.nlm:l.zes ‘well
instabilities by extend:.ng the critical flow rate reg:Lme, and by
rend=r1ng lift operat:.ons :Lndependent of product:.on pressure.
The 3jas flow control device of the present 1nvent:.on thus acts |
to s:tabilize the flow of product:Lon in the product:.on tublng. |
The gas flow control dev:.ce of the present i'nvent.:.i.on
'ach:L aves cr:Lt:Lcal flow, that point where any add:l.t:.onal pressure' '
drop in the tubing w:.ll not result in an 1ncrease of flow through_'
the valve, with a pressure drop of approx:.mately 5% of the"
upst ream pressure or greater ' Because stable flow through the
gas lift valve is establ:Lshed w:.th such a mlnlmum pressure drop,
ther= is no need to have a f:.n:.te control of the 1njectz.on gas
on t'1e surface. | | | _
Although the present 1nventlon and its advantages have been B
descr::Lbed in detail, those sk:.lled in the art should understand'

that they can make var:.ous changes subst:.tut:.ons and alterat:Lons .



fl ow ng tWORSI8Nent uri portion 34b decreases in velocity anRsr/cBesIREPES N
pressure such t hat—the—gasexiting the valve 22 has pressure recovered with
-a m ni nal anmount u enerEﬁ or pressure |oss. For opti mum per f or mance, . the

‘nozzle portion 34 portion 34b of  the W
”ﬂ"’rl cti 83 material's, <'u2_. %’%r’éﬁ@ﬁEN “

orifice 34 should
hi ghl y pol i shed netals and bl dsti*cs. ~ Thus, the fricflional "EBEAEED acros$

"~ the nozzl e- Venturi are m.nimzed. The material used in the orifice varue
that was tebl84M88s nade of 17-ph stainless. FIGS. 7A and 7B illustrate
anot her preferred enbodi nent of a gas flow" control devi ce of the present

i nventi on, ere a no Vent uri_ anifi.c | n artificial
lift val ve, \fgl SO corrm%)\nlg;%s X é’%ec t'(goals(aaaevsie‘fs I |°frt eb:tqn%?eferrl ng now.
to FIGS. 7Apaadwl,1za|d mmilna;my aamtnordtmtaJom |trutbmzsi \se;:zmz.u whidhystrat ed
in detail, [ c el nt,a f artiif | f V118 I

W thin a si g}gbgg’gkgfkﬁgi%r%gl ta| t#co;ﬁﬁs 2 61 élrdo u?t |a(§'n ltea‘éq:' ¥ té)ée%ﬂlzd
be underst ead atthéteaStth@n@omtg}mtatnomt-dem e ofrdif L §m!1ifﬁf(ﬂ!alal ift
~valve is fOBoE!rlQO?%%thonGWda'&atVeQ&ﬁW %bofﬂ:qdns NQta jid QA thulHBﬂ the

invention to a par i cul'ar construction of artificial Iift val ve.
including a nozzle first end, a nozzle second end, and a

nozzle flow path between said nozzle first end and said
nozzle second end, said nozzle flow path converging from
said fifst nozzle end;to said second nozzle end: and said
.Venturi portion including a first end and a second end, and
a Venturi flow path therebetweén; said Venturi flow path -
divefging from said Venturi first end to said Venturi second
end, said Venturi first end being disposed adjatent said
nozzle-#econd end. said Venturi flow ﬁath being aligned with
said nozzle flow path_td'brOVide a continuous flow path;
ﬁhé;eby in use pressurized gas flows into_said_at least one
inlet.pdrt of said gas flow control device, fhrough said
continupus flow paih. énd_but through said at least one
outlét port into said p:oduction tubingrstring. '

2. A device according.tb claim 1, wherein said nozzle
portion includes curvilinear sidewalls extending from said

nozzle first end to said nozzle second end.

3. A deviqe according to claih 1 or 2, wherein the
diameter of the nozzle first end is greater than the
diameter of the nozzle secbnd end; and the diamgter_of said
Venturi first end is éQual to the diameter of the nozzle

. . . second end; the diameter of the.Venturi'sgqond end being
.5reater than the diameter of the Venturi first end.

4, : Aﬁdevice acéording to claimﬂl.'Z or:3. wherein the
cross-sectional area of the_qozzle first end is greater than

the cross-sectional area of the nozzle second end; and the

This Sheet Has Been RTlaced
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Al t houg @5%struct|on a \“ﬁperatlon of artifi BFRIGBINIOTYal ves
and their conponents a m m“ is will be described in sone det a|I
to provide background nthe reader in an;Lnﬂgegg 8E &he

i nvention. As |IIustrated i n FIGS. TA_TBg LN a prefie 1;§;5é% % of the
i nvention the.artificial Iift valve 200°1s nade uplef—a-—valve hou

i ndi cated general |y ‘at 202, which is shaped and sized to re5|de within the ..

bore 204 ofrgssidecpeshal aeedr ol itRePVedYaliOf 1k Rad ilst elqsxarlotwl t hat
the bore 204 of. the side et mandrel |ncludﬁs a nunber eneral l'y

radial |y oﬁ?ﬁefﬁ°§§c?ﬁ§tF§Pé aPTE8r o€ 588 BRRZ péPﬁPPdHﬁﬁqd nication
bet ween t herosseseotiohallharkar ef2@AeaNdnthe 1V\B|elcbmlde wmdeimglékz(mahom .

ot oy haP PRty REoaRSrbsRactea. ARshont) S HRRRT R IR ™

conmmuni cati on between the interior of the bore 204 and the fl owbore within

the tubingsstring. 12,(5y3Reuaded iy 4 c1a¥uls POk, WY Cluileilfins of

this nature are w de
the ratio of the cross sectional’ area of the nozzle second

IICI n

end to the cross- sectional area of said nozzle first end is

approximately 0.4,

6. A device_aCCording to claimfi; 2,3, or &, wherein
the rario.of the:cross-sectionai aree.of seid nozzle second
end to the cross-sectionei area of said nozzle first end is.
less than 0.4. - | | |

7. A device accordins to any of claims 1 to 6,

wherein in use gas flowing therethrough achieves critical
flow across the device at a differentiel pressure of less
than 46% of the gas injection pressure. |

8. . - A device according to. claim 7, wherein ih use gas
flowing through the device achieves critical flow across the
device at a differential pressure of between 5% and 461 of
the gas injection pressure

9. A device according to claih.7. wherein in use gas
"flowing through the device achieves critical flow across the
device at a differential pressure of between approximately

4% and 10% of the gas injection pressure.

10. A device accordins to claim 7. wherein in use gas
flowing through the device achieves critical flow across the
dev1ce at a differential pressure of approximately 5% of the
gas injection pressure

11. A device according to claim 7, wherein in use gas

| This Sheet Has Been Re laced
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The val veMMWOTBY 202 itsel f includes an upper donme sub 208PEHIGBYSN2079:

t hr eadedl y cogﬂggLed,aL~21ﬁ”f6'5fbeIIoms housing 212 below per —end
of the upper donme sub 20 s a threaded portion 2 ﬁtw@gghgpep@ggggm F
val ve housing 2 ‘\““MH@E ith a |atgchabl e nember(| 216 (@ |
portion not shoaﬁl fasteni ng of'‘t he val ve 206= ttre=bore
204 of the side pbck%t ‘mandr el . The bel I ows housing 212 is threadedly

engaged at ngoatingt $hlrQWEh ¢ad td%v%cféo%ﬁi& fofﬁi%%(la%'fq ean:h aHd" tﬂ§24

threadedly attached to a main valve housing he main valv ousi ng
~carries an ofif¥icgnall ar ddfferentdad PYQNSWHy(PfBﬂSSS than 10% of the

PCT/ GB95/ 020¢8s29npacltiida 4@ swure, when the valve 200 is- di-sposed wit hin
the bore 204, effects a fluid seal against the inner surface of the bore
204. The mai n val ve housi ng 224 al so .presents one or nore |lateral ports

228 which -pelgit fluidat B&ﬁarﬁessiic@bﬂdirw% tdleirmiah We\tﬁziggtﬁﬂgﬁgo?ﬂslep\
val ve seat ffixed, thre nectl o the wer
~end of the ng?gt\@/ghgﬁ%&x?e% %Xqﬁﬁ %83z A éieeyéﬁ‘t ri® (ﬁ?rsaiﬁ‘gf Klide | ssail.d)_
t hreaded at negzde first end to said nozzle second end, said sidewalls
' having a radius of curvature greater than said_dianeter of
said nozzie secend end. '

13. A device according to claim 3, wherein said nozzle

- portion includes curvilinear sidewalls extending from said
nozzle first end to said nozzle second end, said sidewalls
having a radius of curvature equalrto abput 1.5 to about 2.5
times said diameter of said nozzle second end.

14, A device according to claim 3. wherein said nozzle
portion includes curvilinear sidewalls extending from said
nozzle first end to said nozzle second end, said sidewalls
having a radius of curvature equal to about 1.9 times said
diameter_of said nozzle second end.

15. . A device'acccrding to claim 1, wherein the )
‘diameter of said Venturi first end is equal to said diameter
of said nozzle second end. and the diameter of said Venturi
second ‘end is greater than said diameter of said Venturi
first end; and wherein said Venturi portion includes
Venturi walls extending from said Venturi first end to said
Venturi second end, said Venturi walls forming an angle with
respect to a longitudinal axis of said Venturi flow path
said angle being about 4 degrees to about 15 degrees

16. “ A device'according to claim 15, ﬁherein said angle
is about 6 degrees. '

17. A device according to c1aih 2, wherein said

“This Shee
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t he val%gﬂiéﬁéﬂretalner i§6*§ﬁ6__“TTes an outer annular packlng 238 about

its circt te Wmlmmnm e 200 is disposed wWPCHK/GBISORI9bor e
- 204, effects a.fluid ,"” inner surface gt=the—bere-204. ..
Finally, a tapered nose [5iete #® |s hreaded at., 242 ||t oHISteHERZIAS BVeRt i i
housing 234. A nitrogen charged chanber 3gr_"done" . Chqnber EﬂﬁLASrbocate -
near the top- ‘of the valve 200.. A fill val ve 246’ and i ed
mai n seal plug 248 are | ocated thereabove. Bel ow: the done chanber 244, a
mai n val ve:msenbhga2591uswamspaeeabhycdusposﬁdcwo@hl-@eath@d ows chanber
252 and a mai'n val've chanber 253 which is defined: by the main valve housing
224. A reduced di aneter neck 254 is located at the upper portion of the
“bel' |l ows chb8rber 252 andeséperateerﬂhngbcblomaimhaﬁbemhﬂﬁzﬂwwﬂhdrmadone
chanber 2 h 0,
central 4§ dgggrS?gnggggygg¥abg5g§§§§”2hx gg -ﬁﬁggqgc#BVePfg%gich are
t hr eadedl| )P%OHP]%C%%EIZ%Q gaeAndt ABA .| ﬁhandéﬁaeﬂ:erend Felidt V@r#tals'ishovm The
" mai n val ves@ssedbeNd 2601 A Sprbadby ehad ¥akVaiRhe¥e26d fWithh Feduwerdly

pr esent ed herically-sh osure ne bal | 264 threadedly
engaged toff Rt b%??on16?3tﬁgel%ﬁBF“§?eﬁP§ééPPoﬁn268desB@PGW“FHe"a
' ' extending from the Venturi first end to said Venturi second
end, said Venturi walls being circular. 1n cross section.

19. A method of controlling the rate of gas injected
into a production tubing string pos1tioned within a '_‘..
continuous- flow gas lift well drilled into the earth and
lined with casing, the production string being concentric to
said casing, said ca31ng and said concentric production
_tubing string forming an annulus therebetween. said method _
comprising the steps of' placing a gas flow control devxce
within said well at a predetermined location, said gas flow
control deVice comprising a housing including at least one
inlet port and at least one outlet port. ~and an orifioe
comprising a nozzle portion ‘and a Venturi portion;' said
nozzle portion including a nozzle first end a nozale second
end, and a nozzle flow path between said nozzle first end
and said nozzle second end, said nozzle_flow path converzing
from said first nozzle end to said second nozzle end; ”and
said Ventnri portion includingfa first.end and_a second end,
and a Venturi flow path therebetneen. said Venturi flow‘path
diverging from said Venturi'first end to said Venturi second
end. said Venturi first end being disposed adjacent said -
nozzle second end, said.Venturi flon patn being aligned with
said nozzle flow path to provide a continuous flow path;
said gas flow control device.positioned for transmitting the
flow of injected gas from the annulus into the production
tubing string:' forcing compressed gas'in_to the annulus;
constraining the compressed'gas to flow through said gas
flow controlrdevice to mix said gas with.reservoir fluids
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VO 96/ 078V9 96/07813 PCM GBOSITTIGREISy al ve
pl ug 262, a val vé Seat 266—s—maintai-ned in pl ace mﬁthln the main vaIve

- chanber..253 by th iner 230. The upper
the mai n - val ve as ’TJ ﬁma ’IE ﬁ‘gposed_t ugh the. req u@é’éf%lz_ rﬁa"ﬂ %
254. . A series-of & ffles 268 ci rcunf er efit.iall §%r$nﬂnd
portlons ‘of "t he upper stem section 1256 whi ch are sized.and shaped to

receive SfTBHitdﬂQWﬁlfe (ﬁrdﬂm&a fiub Thg@ngk d 4145, the ety rme/mmgoué he
mai n _val ve sse éf Fve to damp ‘5ﬁh§{atlo VVtth { el | ows

chanber 2528 erf> ra%ﬁea‘”%/"s nFIheE WAL 128 M ®ection
258, is an m(ecwshm-dﬂ mmngeorz:?a vim o thed lamihlg ywitdh endppeslsaeér act

within the 3{%%@@& 2Afereby eirpﬂéaosv\g%g&élOcatg.dpécﬁ]éﬁeﬁbée

wat er pr oof rrate A conpr essi on Spri AR .
é('gﬁﬂ cthei ve upwar

bel | ows chartibdougdo\tdhe &2 sef kow gontrak

travel of tme@ddwadf/etme% I%Z@&mﬁwcme&&%ﬁn&h&be&wm
270. Two nutual | y opposing ressure con uctlr%%passages separated by

the bel | ows NGC%@J&EHH‘W'{)& he ga sl hFambr el dehiceidYhe main
val ve assenhiex:rmm@ tie tﬁteeééwd &Eatltﬁe gas in the annulus.

20. A method according to claim 19, wherein said

pressure control device is located at the surface.

21. A method aceording'to ciaim 19.or 20, wherein said

gas constrained to flow through said gas floﬁ control device
| achieves critical flow across said gas flow eontrol derice

at a differential pressure of less than 467 of the pressure
-within said annulus. '

22;'. A method*according to claim 21, wherein said gas
constra;ned to'flow through said gas flow control device
achieves critical flow across said gas'flow control device
at a differential pressure of between 5% aad 467 of the
pressure within said annulus. | | |

23.. A method according to claim 21, oherein said gas
constrained to flow through said gas flow control device
achieves critical flow across said gas flow control device
at a differential pressure of between approximately 4% and
10% of the pressure within said annulus.

24, A method aecording to claim 21, wherein said gas

constrained to flow through said gas flow coatrol device
achieves critical flow across said gas flow control device
at a differential pressure of less than 107% of the

pressure within said annulus.' )
i . _—______#________;__*
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created t he bor oundlng si de pocket nmandrel - and
packi nggbb(g%gﬂ’d 238. w M“QEMe conducti ng passEGUSBRETNI |y at.
272, includes the donme chamoert 284 &nd*t he bellomsi '4§ﬁF::::“t
Pressure within this first pressure conducting pag agﬁSBSLﬁﬁhﬁgétﬁ%H“
radially outside of the bel | ows 270. -~Tia® &irst- pre sur e REFMEGES ng_péssage
272 is pressurized prior to dlsposal of the artidiera—Frft valve 200 into
‘the wel | bore. The bel | ows chanmber 252 is filled with a viscous fluid until .
the fluid 8dvers theAr métbod @m&ms@émsnéokci@Amaﬂd,r@@@h@dn said gas
PCT/ GB95/ 02049+ YOI H840EB1F18% ik du #lsad 0 gl Fidu Rondema Ghahar 244.

- The dome chanber 244 is then charge nltrogen through the fil] valve -
246 prior pehpEVRS FoA tisad Fﬂ@“mﬂqqﬁéﬁes§é a&3s, fdod oty ey isfing by

renoving the 8l dgf2égeandafllopiensuriet rocrgarpptrhmuﬁftetlbesm ldf wHeve 246 under
pressure. ‘The second&ngssurg condu tlng passage- 276 i ncl udes the mai n

val ve chanBéFsﬁgﬁe v 8 gﬁ ﬁﬁqﬁ ﬂﬁéssure fromthe well bore.

26. " A method of eliminating instability in a.
production tubing string positioned within a continuous- flow
gas lift well drilled into the earth and lined with casing,
the production tubing string being concentric with said
casing, said casing and said concentric ‘production tubing
string forming an annulus therebetween, said method- : '
- comprising the steps of: placing a'gas'ﬁlow_control'device
‘within said well at a predetermined'location. said gas flow
':control.device comprising'a housing_includingiat least one
inlet port and at least one outlet port.. and an orifice
comprising a nozzle .portion and a Venturi portion. said
nozzle portion including a nozzle first end. a nozzle second-
end, and a nozzle flow path between said nozzle first end i
and'said nozzle second end said nozzle flow path converging -
from said first nozzle end to said second nozzle end; and
said Venturi portion including a first end and a second end,
and a Venturi flow path therebetween, said Venturi flow path
diverging from said Venturi first end to said Venturi second
end, said Venturi first end being disposed adjacent said
nozzle second end, said Venturi flow path being aligned with
said nozzle flow path to provide a. continuous flow path:;
said gas’ flow control device positioned for transmitting the
flow of injected gas from the annulus into the production
tubing - string. forcing compressed gas into the annulus'
constraining the compressed gas to flow through said gas .
flow control device to mix said gas with reservoir fluids_
within the production-tubing string, thereby reducing'the
density of said reserVOir fluids: controlfing:the pressure
of the gas forced into the annulus with a pressure control
device to achieve critical flow through the gas flow
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annul us YO 9%MT&Bs the nain val ve chanber via ports 228. [PCIIGBISO2099i ng
the main val ve ehanber—2537s maintai ned radially within the bell ows 270.
Resul t ant . pressur nd. pressure conductin Tﬁ@§§@9hT% gfﬁ#ﬁﬁ
upon the nain Vallmm mmmm m‘on countgy poi nt to thdt pr oww@g

fluid spring of t presswe conducting passage 4#£2

pressure Wi thin the second pressure conducting passage 276 overcones that
provi ded byduntﬁdnudhwxne:uxhéﬂrhxﬂmmdueanmmmeraZﬁdn(baht)iu@éhtbenl|fted
fromthe segt, 26 f o) erin r

downward pastatt?eh%és!goa q %Pwﬁtéomgé'g&f ‘F‘N # %é érjlo{zglgggﬁlén?u?
34 defined wlmmqmmmwmnummmwgomswubm sibrihe. Vent uri
orifice 34 (as shown in detail in FIG 6C) extends downward to and past a

check val ve _assenbly 280 at the | ower end of the valve 200. Therefore,
fluid enteri % t he noZyIBethafl Ascrdingctacpimud d vheereinesabdve seat’

266" can mvgﬁ&ﬁmdcaﬂwgmwﬁcaozglpoé@fwru%ﬁéI@@r%eeout of the
| oner end of the valve 200 and into the |ower portion of the bore 204 where

it may enter the production tubing string through aper:ures in the mandrel
bel ow. . 28. A method according to claim 26 or 27, wherein said

gas constrained to flow fhroﬁgh said gas flow control device

-

?lflce

achieves critical flow across said gas flow control device
at a differential pressure of less than 46% of the pressure
within said annulus.

29. A method according_to claim 28, wherein said gas
constrained to flow through said gas flow control déviée
achieves critical flpw across gas flow control device at a
differential pressure of between 5% and 46% of the pressure
within said annulus. | ' |

30. A method accbrding-to claim 28, wherein said gas
constrained to flow through said gas flow control device
achieves c;itical flow across said gas flow cbntrol device
at a differential pressure of between approximately'hz and
10% of the preésure within said annulus. | |

31. A method according to claim 28, wherein said gas
constrained to flow thriogh sﬁid gas flow control dévice
achieves criticai flow across said gas flow control device
at .a differential pressure of less than 10% of the pressure
within said annulus.

32. A method according to claim 28, wherein said gas
constrained to flow through said gés flow cbntrol device
achieves critical flow across said gas flow control deyice
at a differential pressure of approximately 5% of the

pressure within said annulus. | T
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WD 96/ Q : PCT/ GB95/ 02079 29" A
nozzl e-&i&#@ﬁmori fice 3!1“!"%&!“ WHIMHH“L thin the nozzl ECNEBMROnousi ng
234 and al igned so that L spass downwar d t=heeugh—the =y '
nozzl e-Venturi orifice 34 and out of the | ower end |pfTHI®IBHEAT WVASEEEN ([The
arrangenment of the nozzle- Venturi is-b&8t-seen by |fef er M#fg.Age agaijn to
FIG 6C. In a typical gas |ift valve, the conbinati'omor—the novabre stem
- and seat defines a pressureé-adjustable orifirce and, in prior art gas lift
“valves, th4arger thdmokhed peceedingite, claimniPeorndb.t HBerghnnghe
pressure Fd£Erow "EowPedl NdeRi6le CL 9528JcPhinbe ¥YR! ¥Ry oF! HEh¥ALI 19 tlubi Ny
- pressures can cause the valve to open and close erratically, causing
erratic injection rates that nmay further aggravate. the fluctuating
t ubi ng pressures. Additionally, prior-art gas lift valves are subject - to
all of the |imtations described above that are rélated to pressure - '
recovery through the assembly. In conparison, a gas |lift valve of the
present invention will have inproved pressure recovery and an increased gas
“injection rate due to lower frictional |osses across the gas |ift valve, °
‘thereby increasing the efficiency of the gas lift system ~ Furthernore, the.
gas lift valve of the ' - , N L :
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seat -will result
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separate VORSOa#M3 upst ream (|nject|on or casing) pressurqxnwnmmmﬂw9400
psi, 900 psi and 1400 psi. Further 2tAB results of the dynam c
perfornance of the injection gas flow control device of the present

i nvention having the present nozzle-Venturi oriEice 34 at a constant
upstream pressure of 900 psi, which is represented by the curve |nclud|ng
point A is.conpared to test results of the dynam c performance of a prior
art injection gas flow c trol eV|ce nanely a standard orifice valve,
havi ng a squar e- edged. ori g} (as shown-in FIG 5). The test results
for the prior art, square-edged orifice valve are indicated by the curve

i ncl udi ng poi-nt !IE_:TJT':‘?i the.gas flow control devices had the sane
di ameter of O. 32c-~"r"r~} |d200th werg tested at a constant upstream
pressure of 900 psi. hH gl) _flowrate regine is that

portion of each curvj

t Qr | By operating a gas |nject|oh
flow control devige h’ q .....

g4 a stable gas |ift systemis

1
i
achieved. It is readd y !gﬁ et|-t§gttha the broad . flat portion between the
vertical axis add poifnt ﬂt epr i ng9¥st abl e performance of a WO
96/ 07813 - _d 20jtf ! .. PCT/ GB95/ 02079
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Downst r e MO PE/@MBIZre As A Percentage of Injection Pressure BCT/Bosbeo® itical
Fl'ow | s. Reached Upstream (I njection} Bf &sure (PSI G 32 Orifice Throat
Size In Inches * (See Item46, FIG 6C) The gas flow control device of the
“present i-nvention including the nozzle-Venturi orifice 34 provides for a

| ower  pressure drop in achieving sonic, or critical, flow Square- edged
orifices typically require a pressure drop of 46 percent of upstream
pressure-to produce sonic velocity flow therethrough. In contrast, as
illustrated by the table above, the gas control device of the present

i nvention including a nozzle-Venturi orifice typically requires less than a
ten percent pressure drop of upstreampressure, and often | ess than 6
percent pressure drop of ‘upstream pressure to achieve critical flow. The
abil'ity of ' '

H

Fig.6C.
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t he gas fwowemogisr ol device to achieve critical flow at SuGicrrchsdéocssur e
drop causes the gas injection rate th the gas flow control device to -
be general |y independent of the tubi ns Z ssure, effectively elim nating
flow instability as described above. In addition to the gas i njection rate
bei ng |ndependent of .the production tubing pressu as _injection rate
through the P ol device can be contro by ag
i nj ection p?tih ur ta rface ease %813
PCT/ GB95/ 02079-g3 deCr ease the pressur t?Q.d ity of ‘H0gas
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pat h of wiomsiongisct ed gas, with the dotted |ine representi reTdEosn2079
squar e-edged orifice and the solid sI?%\M th ‘hatching representing the
nozzl e-Venturi orifice. The arrow i upper portion of FIG 9 indicates
the direction of the flow of injected gas through the two devices. The

| ower portion of FIG 9 is a graph that plots the gas pressure within the
devices as a function of the position of the gas as it flows through the
devi ces. The dotted |ine represents the pressure profile for the 3
squar e-edged orifice of the prior eF( aaflow control device and the solid .
| ine represents the pressure profil | e nozzle-Venturi orifice of the
gas flow control device of the present inventGon. For an injection
pressure eb 000 psia, the sonic flow at the t]hroat (the critical flow
reginme) iS esftablished for both dévices.  For air flow this corredonds to
a pressu8800 approximately 540 psia at the throat.r This flow condtion
results ba ¥e maxi mum mass flow rate asFl ndi catﬁd by points A and I n

figure 8} t he nozzle- Venturi and thg squareg-edged orifice.
respecti 28004 After the : . est velocity and thell owest
pressure2000 . _ B} .
1500- |
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34 occurs,

in the direction h

900 psia is attai E[’ jjipgf the divergent sectionf, -Ihe _pressure "
recovery for the m,’ﬁl ceis3ly slight, re E“t“f G R The axit |

L L .
pressure of, for exanple, G00%psta. _ Therefore, the soni|
nozzl e- Ventari flow control device can be achieved at a |

pressure di& 8 jal resulting in a higher exit or proguction—presshre—as
conpared t Te-edged orifice flow control devi e. ||l THISIEHERTOHES BEEND,
seen that the present nozzle-Venturi provides for a gasifl ow BERLADEDdevi C

that mnim

t he mxe\iw%(recovers) and the v%@%@%
e flow 0

he nozzl e-Venturi a maxi mum pressure

of .

1 .oy ot 1580

Tam
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LW ag
o

zes well instabilities by extending the criti

regi me, andlby render iAngpsllift valvp fominjeoting prhsserided igas intpraopiroduiction string
pressure. The gas,flow,conirol device of the present invention thus actal

stabilize t

CRIMPTISING T 2 hoyaing 2dapted, to he disrptsd: wRin sajdRyodysidon string pp

contr ol devihgﬁﬁﬁ&%ﬂ%aﬁr&%‘iﬂfet Bbﬁvﬁ'atdt? s?t%%%gl%&ﬁ t,ir?gl[%' arl J:Hﬁse 1if\go <R

where any a
withdwthd hougihgtdid dethyesing 4 hogzlerRsfiontanll 8V értuf Riureionfedasd v

i ncrease of

pressure drop In the resu I n an

5% of the upstream pressure or greater. Because stable flow througﬁ t he

nozzle portion including a nozzle first end, a nozzle second end, and a nozzle flow
path between said nozzle first end and said nozzle second end, said nozzle flow
path converging from said nozzle first end to said nozzle second end; and said
Venturi portion including a first end and a second end, and a Venturi flow path
therebetween, said Venturi flow path diverging from said Venturi first end to said
Venturi second end, said Venturi first end being disposed adjacent said nozzle
second end, said Venturi flow path being aligned with said nozzle flow path to
provide a continuous flow path; whereby, during operation of said gas lift valve,
said pressurized gas flows into the or each inlet port of said gas lift valve, is

decreased in pressure through said nozzle portion and increased in said pressure

- through said Venturi portion, and flows out through said at least one outlet port

into said production string with said pressure substantially recovered through said

gas lift valve.

2. A gas lift valve for injeéting pressurised gas into a production string,
comprising: a housing adapted to be disposed within said production string and
including at least one inlet port and at least one outlet port; and an orifice disposed
within the housing and comprising a nozzle portion and a Venturi portién; said
nozzle portion including a nozzle first end, a nozzle second end, and a nozzle flow
path between said nozzle first end and said nozzle second end, said nozzle flow
path converging from said nozzle first end to said nozzle second end; and said
Venturi portion including a first end and a second end, and a Venturi flow path
therebétween, said Venturi flow path diverging from said Venturi first end to said

Venturi second end, said Venturi first end being disposed adjacent said nozzle
kbt
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gas I|ft valve—+s—established with such a mni wmpregm%e i's

.no need to h trol of the |n| ectmn gas_on e _SUrfac
Al t hough th @‘Bﬂg‘l{!“}' “mam“\on and i{ 5 barg ! dbAEHbACEREST SHsT
detail, tho nimsthe art sho pé};\ggg thatjtingy, ca% HelMAY 1906
vari ous changes, substitutions and aJutmﬂf ans gasetift

t
|
2

valve for injecting pressurized gas into a productlon string conprising: a
housi ng ada e S t [ ng
a1 eagt - onsctond St sHUCPEREE: ol pRCBigeRRG A S a2 RN Gl

di sposed wi phovide h&ohnnﬁomﬂawq:ammheﬁebyg danﬁganlo@emtdn ofsadd gagliflevdlve ]
portion; said nozzle portion includin nozzle first end, a nozzle second

end, and a n@iﬂznr@ssurmqo&asrﬂ%‘&smrﬁasgaalmtzme mlqet gprmﬂsaadcgagéxfﬁvaﬂagzise

second end, ;said noezzl Ww..nat h d nozzl.e first end t
sai d nosz e AEELATRTER aFes ik UEBLBLRN b8 hor bR T 4 iaar ey Tr sl Preien
a second enghrough shid/Snkis pfolrﬂ%Pé?ﬁd]ﬂbW@@teltﬂbﬁﬁ?h s8R &t 1&’3@6 Hid oﬁﬂ@%@ﬂt h
diverging fromsaid Venturi first end to said Venturi second end; said
Venturi firsitoesaed pmd@tmmﬂmgmtmpmtlowrdsmznsasbpmdtmm steiagd
Venturi flow path being aligned with said nozzle flow path to provide a

continuous flow path; the nozzle portion and the venturi portion being such

that, during operat {\%hsolflft%'lwfle g&corutdd 1o/ Blati 1 822 whetSHWalid Gdz98% drtidH
‘into the or each in
includes curvilinear mdewa}ls extending from said nozzle first end to said nozzle

second end.

4, A gas lift valve according to claim 1,2 or 3, wherein the diameter of the
nozzle first end is greater than the diameter of the nozzle second end; and the
diameter of said Venturi first end is equal to the diameter of the nozzle second end,

the diameter of the Venturi second end being greater than the diameter of the

Venturi first end.

5; A gas lift valve according to claim 1,2,3 or 4, wherein the cross-sectional
area of the nozzle first end is greater than the cross-sectional area of the nozzle
second end; and the cross-sectional area of the Venturi first end is equal to the
cross-sectional area of the nozzle second end, said cross-sectional area of the

Venturi second end being greater than said cross-sectional area of said Venturi first

end.

6. A gas lift valve according to claim 1,2,3,4 or 5, wherein the ratio of the
cross-sectional area of the nozzle second end to the cross-sectional area of said

nozzle first end is approximately 0.4.

7. ¢ Agaslift valve according to claim 1,2,3,4 or 5, wherein the ratio of the

cross~-sectional area of said nozzle second end to the cross-sectional area of said

v

nozzle first end is less than 0.4.




port of said gasdift—vatve;—sdecreased in pressure th%—m—d—noml cement, Shect e

portion and increased_| [ | essure through said Vent ur'T-‘-‘i-‘l‘ﬁt‘iﬁ%-“n-‘-ﬁh';““‘an'd"'""""“*'.{
flows out throu m‘ﬁ u‘lm ﬂ!)one outlet port into sai dl FeEUCE FOR st ing
with said pressh Ty recovesB@-through said gas |iftgvalMAY 185 ||
A gas lift valve for injecting pressurised gas into a proqijé)t-""ﬁ@dﬂ--*s_t--r-i-rrq; """""" Bl

conprising: a housing adapted to be disposed within said production string

and including at |egast Ll et . d . an
ool U 2 | 5B B b5 Ao RE A O, o SRIpsCT B RO sl
venturi porﬁé@gig $Rérdt OnEheadiREvdOBritics] MW GcRosw e &alve at acdifferentiakzl e
second end, anda nozzle flow path between said nozzle first ‘'end and said
nozzl e secqrésard dropiatrosszsaidvalvewijessithasrhgifitheigesinieatanpsessuees i r st
end to said nozzle second end; and said Venturi portion including a first
](calnd and ﬁ %econd end, and a Venturi flow path therebetween, said Venturi

ow pat | verging f fal e hidd kSt o] ' i nd,
said Venturl first %er%%bmellﬁﬂgglg?és%%%%gdgdj&gccelﬁﬁsifa’i ﬁgggygphyé %ﬁgggﬁn

end, sai d VRefethioughQohieaedclititaloflewiagness thievaleaat amiffetential pressartidrap
provide a continuous flow path; the nozzle portion and the venturi portion
bei ng such achass saidgandiftralypef detwrend%san 4&6@0?':#% gasinectiquyprpssure.
pressurized gas flows into said at least one inlet port of said gas lift
val ve, is decreased in pressure through said nozzle portion

10. A gas lift valve according to claim 8, wherein in use gas flowing

therethrough achieves critical flow across the valve at a differéntial pressure drop

across said gas lift valve of between approximately 4% and 10% of the gas injection

pressure.

11. A gas lift valve according to claim 8, wherein in use gas flowing
therethrough achieves critical flow across the valve at a differential pressure drop

across said gas lift valve of approximately 5% of the gas injection pressure.

12. A gas lift valve according to claim 8, wherein in use gas flowing
therethrough achieves critical flow across the valve at a differential pressure drop

across said gas lift valve of less than 10% of the gas injection pressure.

13. A gas lift valve according to claim 4, wherein said nozzle portion
includes curvilinear sidewalls extending from said nozzle first end to said nozzle
second end, said sidewalls having a radius of curvature greater than said diameter

of said nozzle second end.

14. A gas lift valve according to claim 4, wherein said nozzle portion
includes curvilinear sidewalls extending from said nozzle first end to said nozzle
second end, said sidewalls having a radius of curvature equal to about 1.5 to about

2.5 times said diameter of said nozzle second end.



uction string. 3. A QaREPLACENEANYEHEDT |

and increasedWrough said Venturi porti BERlacement Sheety ¢
t hrough said st one out Im ‘port into said production ' gt
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second end; ehaf 83idd0zzle 1559ndien ca of the Venturi first end is equal
to the cross-sectional area of the nozzle second end, said cross-sectional
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1,2,3,4 or 5 V\,herfgi n tge_ ratiﬂ of the_ cross-sectional area of the nqgzzle
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to the crosfirstefd] ané@whit€a s@fd Vehtiri portion includes Venturi walls extending from
said Venturi first end to said Venturi second end, said Venturi walls forming an
angle with respect to a longitudinal axis of said Venturi flow path, said angle being

about 4 degrees to 15 degrees.

17. A gas lift valve according to claim 16, wherein said angle is about 6
degrees.
18. A gas lift valve according to claim 3, wherein said curvilinear sidewalls

are circular in cross-section.

19. A gas lift valve according to claim 18, wherein the diameter of the
Venturi first end is equal to the diameter of the nozzle second end, the diameter of
said Venturi second end being greater than the diameter of the Venturi first end;
and the Venturi portion includes Venturi walls extending from the Venturi first end

to said Venturi second end, said Venturi walls being circular in cross section.

20. A gas lift valve according to claim 1 or 2, further comprising a throat

interposed between said nozzle second end and said Venturi first end.

21. ¢ A gas lift valve according to claim 20, wherein said throat has a cross-
sectional area that is less than cross-sectional areas of said nozzle second end and

said Venturi first end.
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blocking a reverse flow through said gas lift valve.

24, A gas lift valve according to claim 23, further comprising a passageway

interposed between said Venturi second end and said check valve.

25. A gas lift valve according to claim 1, wherein in use gas is discharged -

through said at least one outlet port at a production pressure.

26. A gas lift valve according to claim 1 or 2, further comprising a packer for

sealing a bottom of said annulus.

27. A gas lift valve according to claim 1 or 2, further comprising a dummy

tail section for allowing said valve to be disposed within a side pocket mandrel.

28. A gas lift valve according to claim 1 or 2, further comprising a nose end
extending from said Venturi second end for guiding said device into a side pocket

mandrel.

29. A gas lift valve according to claim 1 or 2, wherein said nozzle and
Venturi portions of said orifice have a cross-section which is circular, rectangular,

elliptical, polygonal or hypergeometric.

30. A method of controlling the rate of gas injected into a production
string*positioned within a continuous-flow gas lift well drilled into the earth and
lined with casing, said production string being concentric to said casing, said

casing and said concentric production string forming an annulus therebetween,
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claim?2, wherein said - 38 - curvilinear sidewalls are circular in
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is e to the dianete

second end, °F
di amet er of VehuYortbh; said nozzle portion including a nozzle first end, a nozzle

second end, and a nozzle flow path between said nozzle first end and said nozzle
second end, said nozzle flow path converging from said nozzle first end to said
nozzle second end; and said Venturi portion including a first end and a second
end, and a Venturi flow path therebetween, said Venturi flow path diverging
from said Venturi first end to said Venturi second end, said Venturi first end
being disposed adjacent said nozzle second end, said Venturi flow path being
aligned with said nozzle flow path to provide a continuous flow path; said gas
flow control device positioned for transmitting the flow of injected gas from the
annulus into the production string, whereby a pressure of said injected gas is
decreased through said nozzle portion and substantially recovered through said
gas flow control device during an operation of said gas flow control device;
forcing compressed gas into the annulus; constraining the compressed gas to
flow through said gas flow control device to mix said gas with reservoir fluids
within the production string, thereby reducing the density of said reservoir

fluids; and controlling the pressure of the gas forced into the annulus with a

f f h |
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pressure control device, thereby increasing the gas injection rate through the gas

flow control device by increasing the pressure of the gas in the annulus, and
decreasing the gas injection rate through the gas flow control device by

decreasing the pressure of the gas in the annulus.

31. A method of eliminating instability in a production string positioned
within a continuous-flow gas lift well drilled into the earth and lined with casing
said production string being concentric to said casing, said casing and said
concehtric production string forming an annulus therebetween, said method
comprising the steps of: placing a gas flow control device within said well at a

predetermined location, said gas flow control device comprising a housing
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sai d second and”sai nturi portron 1nc Ing a first end and

a second engen@id por¥ent icludihgvs Fbh ahied ebesne@nd, Jaidda Véaituri flolowatiat h
di verging fromsaid Venturi first end to said Venturi second_end, said

Venturi fi rtherebativess, r;giddV epfusicflowd)ath divergingifrom said Venturi first end to said

Venturi second end, said Venturi first end being disposed adjacent said nozzle
second end, said Venturi flow path being aligned with said nozzle flow path to
provide a continuous flow path; said gas flow control device positioned for
transmitting the flow of injected gas from the annulus into the production string,
whereby a pressure of said injected gas is decreased through said nozzle portion
and substantially recovered through said gas flow control device during an
operation of said gas flow control device; forcing compressed gas into the annulus;
constraining the compressed gas to flow through said gas flow control device to

" mix said gas with reservoir fluids within the production string, thereby reducing the
density of said reservoir fluids; and controlling the pressure of the gas forced into
the annulus with a pressure control device to achieve critical flow through the
gas flow control device, thereby maintaining a constant gas injection rate across
said gas flow control device that is independent of the pressure within the

production string.

32. A method according to claim 30 or 31, wherein said pressure control

device is located at the surface.

33. A method according to claim 30,31 or 32, wherein said gas
constrained to flow through said gas flow control device achieves critical flow

across said gas flow control device at a differential pressure of less than 46% of

the préssure within said annulus.
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by decreasing the pressure of the gas in the annulus. 20. A et hod

accordi ng th"é‘Pth%dl@,n rein said pressure control device is |ocated at

the surface. 21. A net hod according to claim19 or 20, wherein said
35. A method according to claim 33, wherein said gas constrained to flow

through said gas flow control device achieves critical flow across said gas flow
control device at a differential pressure of between approximately 4% and 10%

of the pressure within said annulus.

36. A method according to claim 33, wherein said gas constrained to flow
through said gas flow control device achieves critical flow across said gas flow

control device at a differential pressure of less than 10% of the pressure within

said annulus.

37. A method according to claim 33, wherein said gas constrained to flow
through said gas flow control device achieves critical flow across said gas flow
control device at a differential pressure of approximately 5% of the pressure

within said annulus.

38. A method according to claim 30 or 31, further including the step of
constraining the compressed gas to flow through said gas flow control device in

a direction opposite to the flow of reservoir fluids.

39. A method according to claim 30 or 31, further including the step of

sealing an annulus bottom using a packer.

40. A method according to claim 30 or 31, further including the step of

placing said orifice in an orifice holder within said device.
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- discharging gas through said at least one outlet port at a production pressure.

43. A method according to claim 30 or 31, further including the step of

creating a seal about said orifice using an outer annular packing.

44, A method according to claim 30 or 31, wherein the gas flow control

device is as claimed in any of claims 1 to 29.
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Venturi portion; said nozzle portion including a nozzle first end, a

nozzl e secdrBlugding atdgastonedntet port and s deast vaewaslet partd andza erifice dispasddand
sai d nozzl %ﬁg’gﬂgﬁ’ End .. sai d nozzl.e LI owﬁgzelt h convergjng,fromsaid firs
nozzl e end QUYAG 305 CABPHFgS @ SRAYIOI AL & VSRS POTHRR ity a
first end 3igzR forti8Rdndiding a nozzle first end, a nozzle second end, and a nozzle flow

path between said nozzle first end and said nozzle second end, said nozzle flow

path converging from said nozzle first end to said nozzle second end; and said
Venturi portion including a first end and a second end, and a Venturi flow path
therebetween, said Venturi flow path diverging from said Venturi first end to said
Venturi second end, said Venturi first end being disposed adjacent said nozzle
second end, said Venturi flow path being aligned with said nozzle flow path to
provide a continuous flow path; the nozzle portion and the venturi portion being such

that, during operation of said gas lift valve, said pressurized gas flows into the or each inlet
port of said gas lift valve, is decreased in pressure through said nozzle portion and increased
in said.pres_sure through said Venturi portion,_' and flows out through said at leaét one
outlet port into said production string w1th said pressdre substantially recovered through

said gas Iift valve,

2. A gas lift valve for injecting pressurised gas into a production string,
comprising: a housing adapted to be disposed within said production string and
including at least one inlet port and at least one outlet port; and an orifice disposed
within the housing and comprising a nozzle portion and a Venturi portion; said
nozzle portion including a nozzle first end, a nozzle second end, and a nozzle flow
path between said nozzle first end and said nozzle second end, said nozzle flow
path converging from said nozzle first end to said nozzle second end; and said
Venturi portion including a first end and a second end, and a Venturi flow path
therebetween, said Venturi flow path diverging from said Venturi first end to said

Venturi second end, said Venturi first end being disposed adjacent said nozzie

7
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string.

3. A gas lift valve according to claim 1 or 2, wherein said nozzle portion

includes curvilinear sidewalls extending from said nozzle first end to said nozzle

second end.

4, A gas lift valve according to claim 1,2 or 3, wherein the diameter of the
nozzle first end is greater than the diameter of the nozzle second end; and the
diameter of said Venturi first end is equal to the diameter of the nozzle second end,

the diameter of the Venturi second end being greater than the diameter of the

Venturi first end.

5. A gas lift valve according to claim 1,2,3 or 4, wherein the cross-sectional
area of the nozzle first end is greater than the cross-sectional area of the nozzle
second end; and the cross-sectional area of the Venturi first end is equal to the
cross-sectional area of the nozzle second end, said cross-sectional area of the

Venturi second end being greater than said cross-sectional area of said Venturi first

end.

6. A gas lift valve according to claim 1,2,3,4 or 5, wherein the ratio of the

cross-sectional area of the nozzle second end to the cross-sectional area of said

nozzle first end is approximately 0.4.

7. A gas lift valve according to élaim 1,2,3,4 or 5, wherein the ratio of the

cross-sectional area of said nozzle second end to the cross-sectional area of said

nozzie first end is less than 0.4.
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(54) Title: GAS LIFT FLOW CONTROL DEVICE V4
(57) Abstract

A gas ﬂow control device (60) for injecting gas into a downhole production strmg for recovering
pressure and reducing frictional losses, so that critical flow can be reached at lower pressure drops and
higher production pressure, includes a housing, inlet ports (54), nose end (61) with check valve (65),
and outlet ports (64), and a nozzle (34) having first and second ends, and a flow path therebetween,
and a Venturi having first and second ends, and a flow path therebetween. The first end of the
Venturi portion is disposed adajcent to the second end of the nozzle. The Venturi flow path is
coaxially aligned with the nozzle flow path to provide a continuous flow path therethrough. Such a
flow control device that has a gas flow rate performance that is independent of the tubing pressure,
even when the tubing pressure is as high as 80 % to 93 % of the casing pressure, can be used
to increase the production rate, unpmvethehﬁefﬁcxmy,andehnnnateotsupptessmstabmtym
continuous-flow gas lift wells. _ -
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