2218135 ANNULUS SLI DI NG SLEEVE This invention relates in general to oi
~wel | val v@s, and in particular to an annulus valve used 5 below a tubing
hanger in a subsea well. In a producing oil well, a string of tubing wll
be suspended within casing. The tubing is suspended at the é head by a
tubi ng hanger. Normall'y, a downhol e 1G- packer will mi Qibing @6 -
the casing. The produced fluids flow through the tublng to the surfa&e
Periodically, the pressure in the annul us bet ween the tubing and casing
~nust be checked to deternmine if any | eakage exists. ‘Al'so, when wor kover
operations are 15 being perfor med ANNUUGS SIIDESSHRvE O circulate fluids
down the tubing and up the annulus. In a subsea wWell, The opening and
closing of the annutus is preferably handl ed renotely. Sone tubing hangers
for subsea wells have two 20 parallel passages, one for the production

fluid and one for the gl li%“’em&?seté%a‘lte\éalﬁ \ggghe ¢aRtrek t%flarwélifs

I n those types. Each passage IS rom:t I'S o thet
hanger . I n t he Vodi¥&sin r ARG ubRnParhteilaypde  ameappsust |'6¢|17¢undsed

passage is 253cenelird oreulithgothsngért I aubiuBgehangenr. A sliding sleeve
valve is mounted to the tubing hanger bel ow the seals between the tubing
hanger and wel | head. An annul us passage extends through the body of

t he tubi ng hanger fromthe top to a |lower cylindrical portion formed on the

t ubi ng hanger.

In a producing oil well, a string of tubing will

be suspended within casing. The tubing is suspended at

the wellhead by a tubing hanger. Normally, a downhole 6;-

10 packer will seal the tubing to the casing. The

produced fluids flow through the tubing to the surface.

Periodically, the pressure in the annulus between
the tubing and casing must be checked to determine if
any leakage exists. Also, when workover operations are

15 being performed, it may be necessary to circulate
- fluids down the tubing and up the annulus. In a subsea
well, the opening and closing of the annulus is
preferably handled remotely.

Some tubing' hangers for subsea wells have two (’

20 parallel passages, one for the procduction fluid and one '
for the annulus. An external valve will control the
annulus in those types. Each passage 1s offset from
. the axis of the tubing hanger. In the concentric
tubing hanger type, the production fluid passage is
25 centered on the axis of the tubing hanger. A sliding
sleeve valve is mounted to the tubing hanger below the
seals between the tubing hanger and wellhead. An




The sliding 'sleeve is nmounted to the lower 5 cylindrical portion.
The sli,ding sleeve has a port that will-align with the annulus passage port.
in the tubing hanger to communicate the.anpnul us to a point above the tubing
hanger.” ~ Hydraulic pressure ‘applied fromthe surface will nove the sleeve
down, gnd a 10 spring will force the sleeve back up when hydraulic '
Rressure i s renoved. ILle this type.of .annul us valve i uccessftul,

- possibility for a %%‘\# _ﬁ]giﬁg?‘gg %’%Ieg -o%gﬁoél a‘f’léea ¥08§t °at’fd’$_’é'%d
bel ow t he annul us pamgeon fidam 1¥hebotigpofte ha t kowey heybimdricadbhe ppattiom

the sliding sl e-eveféﬁgﬁscﬂasghghgubg rhafgkyas it. nOves between the open
and closed position. There-is a possi 'Pl 9 of damage to the | ower seal

as the sliding sleeve port slides past the |ower seal. I'f such occurred, "
the 20 tubing hanger megehavesiddbgpuslegvér ole t htowstédieatb t &HeePlidier

t he seal . -3 SUVMMARY OF THE | NVENTI ON ,Jhe ¢ re sleeve for the
annul us val ve g% tW%PﬁGéﬁ?' or?%lgssm}ibt h'gr%/%- gaﬁéll‘{é'gors BFYet hAS of HRFt
with the port of thbhatubiild habign. witRatthe K anhelusopassages/pewe Has the
I dge that 3 t ' I ' t h

ower edge tha m)\‘.ﬁﬁlﬁgo"lgaﬁ PRo d‘m\:ﬁfﬁaﬁ’@ ‘ﬁ?ﬂe! SafRY £ls ?:hote ?O:girl‘?{t

position. - The lower éd ol the closure sleeve sl]des past :
seal when noving bh8PR¥en tg’rﬂa BRingnhapgsted Jixdragphic TRressuEe: @ARPLiek,

seal, a protector gresavethé ldurfdcdli Rdll rMicvecctli® FlRdwedi 8owhanogha a
body. g The.- 10 spring ‘will force the sleeve back'up when hydraulic
' pressure is removed. '
While this type of annulus valve is successful, a
possibility for a problem -exists. Elastomeric seals
are located above and below the annulus port on the
15  body of the tubing_ hanger._ The port in the sliding
sleeve slides past the lower seal as it moves between
the open and closed positidn. There is a possibility
of damage to the lower seal as the sliding sleeve port
slides past the lower seal. If such occurred, the
20 tubing hahger may have to be pulled from the wellhead
to replace the seal. : '



protector sleeve has an upper edge that abuts the |ower edge of the
elosure sl eeve, A spring urges the protector sleeve upward into
cont act with ‘the closure sl eeve. As the closure sl eeve noves up,. the "
spring 15 will cause the protector sleeve to nove up with the closure,
sleeve. As the closure sleeve slides above the | ower seal, the prot ect
~sleeve will slide over the |lower seal to prevent damage to the | ower seéT
A stop shoul der ‘on the protect GUMNMARY cOF{THE INWMEMNTIQN ot ector sl eeve from' '
novi ng upward once the protector sleeve reaches the port on the tubing .
hanger body. The closure sleeve will continue to nove upward, separating
‘fromthe protector s|Th¢eclosuniee\skegneg afer shec annulushevalvel of it

will occur. - dnvBREGnDESER! RELONaGE -HoDBAUENGS:E tHat hiiigma RAk @

vertical sectiongl view,i strati n_annul'us va onstruc

accordance with-ERPs H%ni’g Fhes Einin &ﬁ'@ef'l s é‘astéﬁ’?'onﬁll‘evicé\ﬁsb‘ﬂ-‘et he

annul us val ve50f sEeguechias shdwwer tédge/athzalmvés abpee enenppm;l

" Figure 3 Li ‘P&?S C e atin h nulus
val ve of F| gure Eha gaﬁ% ilafJ' ?é r('Slﬂ’l\séec \oérfg}%dvél ew 1 1ust?§% ﬁ' %%r

~ prior. art annul usdgal @£ the closure sleeve slides past the lower seal '

: when mov:.nq between the open and closed position.

. To 'proteot the lower seal, a protector sleeve is
10 slidingly mounted to the tubing hanger body. The .
. protector sleeve has an upper edge that abuts the_'l'ower- &/
edge - of the closure sleeve. A spring- urqes. the
protector sleeve upward into contact with the closure
sleeve.'_ As the closure sleeve moves up; the spring-
15 - will cause the protector sleeve to move up with the
' cl_osure sleeve. As the closure sleeve slides above the
lower seal, the protector sleeve will slide over’ the
lower seal to prevent damage to the lower seal.

A stop shoulder on the protector sleeve stops the
20 protector sleeve from moving upward once the protector
sleeve reaches the port on the tubing hanger body. The
closure sleeve will continue to move upward, separating
from the protector s_I_Leeve'. As they separate, access to e
‘the annulus port will occur. ' ' '



-5- DESCRI PTI ON-OF THE PREFERRED EMBODI MENT Referring to Figure 1, a
paortion of a-subsea well tubing hanger 11 is shown. The tubing hanger 11
hdas a body %3. Tubing hanger 11 is nmounted in a wellhead 14 5 above
casi ng” ;(not shown). Seal s 16 seal thed4tsbing hanger 11 to the well head
14. Astring of tubing 17 is secured concentrically to the | ower end of

t he tubi ng hanger body 13 and extends down into the well. A fixed sleeve 19
..is nounted to the | ower portiBRIEP DESCRIPPION UbF NTHE) DRAWINGS . Fi xed
-sleeve 19 has a cylindrical exterior. The fixed sleeve 19 is rigidly
mounted to the body 13 by a retaining ring 21 on its |lower end and a spacer
5l eeve 23 on.its upper BHERTe ¥ed if eaveprantial pextdesldesegtiopaltiviewf

‘the body 15 13. A‘.Pit%@i-éﬁ{mgfan ARNULUS PAPPEUESNIErudOdd ViR EcébRiince
~extend through the . , Each annul us passage 25 extends from an

bod
"openi ng on the upd%*t¥w£h¥%o%"§ﬁﬂﬁh?nof’the*body 13 to a port 27 on the’
sidewall 20 of the fixed sleeve 19. Thé port 27 is seal ed by upper and.
| oner seals 29, 31, pr Y,O0zLi O i ar, i '
~and bel ow the pBrt_ 27. eﬁfﬁé&gé ??%és%};e%%lerﬁégg% %?yélgl%%dn%a?%ie/@e
sl eeve 19. Anot heroH rFigrss il | GhaWIRDetb® t VielYewndin Othiengupperosopen
- The annul us port. gZdsigeigrened and closed by a closure sleeve-35. Cl osure
sleeve 35 s slidingly nmounted to the fixed sleeve 19 and will nove between
an. upper open position shown in Figure 2 and a | ower closed position shown
in Figure 1. An upper Fpgaren 3 is a partial perspective view
o ‘illustrating the annulus valve of Figure 1. '
10 Figure 4 is a sectional view illustrating a brior
art annulus valve. ' '



- 6- por'tion 36 of the closure sleeve 35 sl |'des on the ‘spaéef 23. A

_ﬁlurallty of coil springs 37 urge the closure sleeve 35 downward. ~A
ydraullc passage 39, only partially shown, |eads to a point on the top of
S the tubing hanger 11. The hydeaullc passage 39 transmits 7.

~ hydraulic fluid through epenings (not shown) in the spacer 23 to - thee‘aé;
piston area 36 to push the cl osure sI eeve 35 upvvard corrpressi ng. the °

springs 37. Alternately, p wg&ﬁ. g9 10 closure
- sl eeve 35 downward, hydratﬂl C pressure cou nove the c osure sI eeve 35
both upward and downwvar d. The cl osure sleeve 35 has a | ower edge or rimi4l

The | O}I\B[ hedgfa 41 is Rjerf@:dx\éi)rn b Iltm;&iz@ 1) & pbattopesbpecadisibsen 'Fw%ltlhe
Ty he louer ColbB N Rehokh 15 4 ARUHE. Eﬁgxe yotng; BafldE 110Has

27 when the_ cl osbmlysll@eve Babing i hanger upbeispmonnted énomweilhegdr é-42

o s B Wes‘é' e%%%hé? JURE Tamufe, VSR ARG ulng
annul us port 27. &ck J° \7'{?14?%@ ded 1%537%6‘1"& At%é“'qid%err’Oiﬁ ng

31 when the |'O\A\Brsdidﬂ.&d41coﬁcéﬂ&£d:ﬁslyetol eweednﬁweaélm efothet I?H:?we "
Oring 31. The S | U to the fixe
sleeve 19. It w I)TD rf#)%gt%&%ﬁglén Aalﬁfug([)t-’éeg?’dpogq | or‘;l %V\% %lq'gure 2 and a

"l ower position shown in Figure 1. The protector sleeve 43 has a
circular upper edge 45Atf‘ﬁze&'§§eé0ealﬁ| 28emBahglelicionithe trdroVBsrErlie 41

of the 30 Cl osure sl %evet?ﬁilng-rhﬁangg ﬂige 4@1‘%& sEl ggevm 5.8 has a _.
cyllndrlcal exterior. The fixed sleeve 19 is rigidly \J.
mounted to the body 13 by a retaining ring 21 on its
lower end and a spacer s‘ie'eve 23 on its upper end.

Fixed sleeve 19 may be _cénside_re_d a portion of the body

15 13, '

A plurality of annulus passages 25 (only one
shown) extend through the body 13. Each annulus -
passage 25 extends from an opening on the upper end
(not shown) of the body 13 to a port 27 on the sidewall

30 of the fixed sleeve 19. The port 27 is sealed by upper
and lower seals 29 , 31, preferably O-rings, which are
located directly above and below the poi't 27. The O~
rings 29, 31 extend completely around the sleeve 189.

 Another O-ring 33 is located below the lower O-ring 31.

25 The annulus port 27 is opened and closed by a
closure sleeve 35, Closure sleeve 35 is slidingly
mounted to the fixed sleeve 19 and wi_li move between an
upper open position shown in Figure 2 and a lower
closed position shown in Figure 1. An upper piston



the | ower edge of the annulus port 27 when protector . -7- sleeve 43 is
i @ the upper- position. The |ower edge 41 of the closure sleeve 35 abuts
t e upper edge 45 of the protector sleeve 43 when the closure sleeve 35 and
protector sleeve 43 are in the closed position. The 5 edges 41, 45 are
‘spacedypart fromeach other when the sledvés 35, 43 are in the open
poésitions. A stop means exists to stop upward novenent of the protector

Sl eeve 43 when theoykion cdge o6 thiegnslvsubet ldemer 36dgsl ddes heomnnials

ort 27. This includes 10 ar . faci i | 4 7
| Ito h:a pr ot ect Iof !sl e@%@c}f. 2 ghg mdéfgﬁgféﬁgalﬁg[seéé%wggg%gggcaﬁngﬁgé%g&h%gr
49 on the tubing kcdogurellsledveh3bn ddwnwazisodi ndnthydrandic spassager 38dge

of the fixed slee ‘B Y At hogbdak 4% COUbdike becad €e8plaf
the retaining ri n%q%% . paﬂs%ir?i %ir‘la%l?'tﬁgdpro ect 6 43 s i des

. g{bséﬁg&
agai nst the out¥®r f FPing  hangerai dilng ri f9®21 RYRFANS 15 sPassRges A%
urgi ng the protecttariditse Harguiia. £191d sthnohghicopaenings e{aotn shiosm)e
51 which 20 is riQidl e lo cl % 5
by throads 54 ThaTPihsPBRCE cdde W1 ¢ piBeriEton, ek droncy PSRy dub
ciosure sl eeve 35.closuresisteevecdt Spwaxd,a sRARressingithe | pPELPGR Wh-h
the annulus port 3fiulaidduy ol eaehers| €8uE Wpiindd) 37 b2 WRRIng the
posi tion. An internal annyglar-li 5§ I S fornegggﬁraggtlomer end o .
extension sl eeld HPLOSYre Flegyp; n% 5SONEVE STty FHeRRCPREE R $BEd ng
an nove the closure-sleeve 35 both upward and downward.
— _ _ The closure sleeve 35 has a lower edge or rim 41.
' The lower edge 41 is circular and located in a plane
perpendicular to the axis of the closure sleeve 35.
15 Closure sleeve 35 is dimensioned so that the lower
' edge 41 will align with the upper edge of the annulus
port 27. when the closure sleeve 35 is in the upper
position shown in Figure 2. When hydrau11C_pr¢ssure'1s
removed from the hydraulic passages 39, the lower edge
20 slides downward past the lower O-ring 31, blocking the
~ annulus port 27.

A proteétor sleeve 43 is used to protect the lower

0-ring 31 when the lower edge 41 of the closure sleeve

35 slides above the lower O-ring 31. The protector

25 sleeve 43 is slidingly mounted to the fixed sleeve 19.
It will move between an upper position shown in Figure

2 and a lower position shown in Figure 1.  The
protector sleeve 43 h&s a circular upper edge 45 that
lies in a plane parallel with the lower edge 41 of the

30 closure sleeve 35. The upper edge 45 will align with
the lower edge of the annulus port 27 when protector



exterior downward facing shoul der 57. Shoulder 57 is formed on the
‘gxteriof of the protector sleeve 43. 30 Spring 55 nmaintai ns the upper edge
%5 of the protector sleeve 43 in contact with-the | ower edge 41 of, the =

- 8- closure sl eeve 35, until the stop Sheul ders 47; 49 contact each other.
I'n operation, during normal production, the closure sl eeve 35 mfF$vbe
cl osed. The springs 37 will 5 keep the closure sleeve 35 in the Iomer

ggsmon shown lleeEv@ume lis irﬂnetnarup?eﬁﬁpulitibﬁep }rh& B.rdﬂieQCTéngS|ﬁeVe |
in contact wi e e the.c s| eev

desired to open‘:\%t&’@' r?t}l as su%a ‘é gr’ ft?"ttﬁe Eﬁpﬁ’ 1”1?% M%IOH
above the tubi npredephiorl1sleedeavt3 c whien dtheestlosure sieeved 35 tamd
passage 39. . Theylduuctdy S§peETe 2Q4S ﬁ‘ét:ﬂ? tha t@io%%f'\@ 8s £6161R, DeGk

novi ng the cI osure sl eeve g spring 55 wi IT cause the
protector sleev@dges dhnAS 137T¢ pﬁﬁ?ﬂe‘i‘naai\?goﬁrﬂ}‘t gache othexywhen dhe 35
As the |ower edglebved¥ 38,095 ard ety ahd opendpositdons.he | ower Oring 31,
t he upper edge 45 of the protector sleeve 43 will slide onto the O-ri ng 31.
The protector sleeve 43 prevents any differential pressure 20 between the-
annul us passage 25 ad stap aeansexXists Gonmtiopy upward qug'-m'xtas:ﬁ Hthe -

closure sleeve 3rdiiaaia08fedv@ M3 Ngnéh' the ﬁﬁpei‘\hﬂa Bhﬁsul%‘ﬁr gﬁ.}ﬂf’

the prot ector sl elsvelgfée{' eg QSS o%hettleova\er{nuelugse port 27 anm‘i‘lh s Fg.onréludest

stop | .

10 an upward facing interior shoulder 47 formed on the
protector sleeve 43. Shoulder 47 engages a downward .
facing - shoulder 49 on the tubing hanger 11, which in o’
the embodiment shown, is a lower edge of the fixed
sleeve 19. Alternately shoulder 49 could be 'lo'cated on

15 the retaining ring 21. A portion of the protector
sleeve 43 slides against the outer surface of the
reta:.nlng ring 21.

~ Means also exists for urging the prbtector sleeve
_ 43 upward. . This includes an extension sleeve 51 which
20 is rigidly mc_urited to the lower end of the closure
sleeve 35 by threads 54. The extension sleeve 51 thus
moves up and down with the closure sleeve 35.
Extension sleeve 51 has a hole 52 that will align with
the annulus port 27 when the closure sleeve 35 is in \J
25 the upper position.: an internal annular lip 53 is
formed on the lower end of extension sleeve 51. A coil
spring 55 is compressed between the lip 53 and an
exterior downward facing shoulder S57. Shoulder 57 is
formed on the exterior of the protector sleeve 43.
30 Spring 55 maintains the upper edge 45 of the protector
sleeve 43 in contact with the lower edge 41 of the



25 shoulders 47, 49 wll contact each other. ~ The protector sleeve

43.wi |1, not.-be able to nove upward any hi gher. The hydraulic pressure,
however, will still be noving the closure sleeve 35 upward. This causes
the cl,0sure sleeve 35 to separate fromthe protector sleeve 9 43. \Wen
t he cl\:@ure sl eeve 35 reaches its upperndst™ position, the | ower edge 41
will be aligned wi-th the upper edge of the annulus port 27. The extensi on
sl eeve hole 52 wil [ thgt h ul po

41 of the cl osureé][ée%%/]zé 3@1\‘/3?%"}@‘I bgssegla;ﬂe}t&ed% reoméf'%é u%%oer d%& ggeof

protector sleeve 42N tagl AR RHR9®Rd fluid in the annulus will be free to
f' ow t hrough t he. annul us port 27 and passage 25 to the surface. 10

Figure-4 illustrates afmor art gnnul usdvaij_ Closu e sleeve 35' has a
port 59 located above it3 |8REF® £488s 41 Auring, . PBEEP edfFWNCHRNY, nothe
slide above the | cvkos@reisteste. 35Thélpobe Gloseddes 'mﬁestsplhfngé O‘.I\Erwill
Oring 3L when yJoNipfe LEGHurkNB106v8598 IR tiPS] $4581 S0 OUBbyn)
the open position s In Figure 4. ogen pos ? W’
align with the annt®u¥ipyre 2174 \qu eszmg BntWidt hlseeseéheshmmteqtonl y
one of its fornms,. sgleevoulid bf:namrte&&: twithosBeskidhef iedgdl 41t F athe

that it is not so Ijs d, P%J €uscept| ble to various changes w t hout
departing fromt he® %%%’é of T He® % ention For exanple, - the closure

sl eeve and prot ect or sleeve assenbly could be inverted from t hat
: When it is desired to open the annulus surrounding
10 the tubing 17 to communication above the tubing hanger
11, hydraulic fluid pressure is applied to the passage
' 39. The fluid pressure acts on the piston portion 36
to begin moving the closure sleeve 35 upward. The
_ _spring 55 will cause the protector sleeve 43 to move

15 upward in unison with the closure sleeve 35.

As the lower edge 41 of closure éleeve 35 slides
‘above the lower O-ring 31, the upper edge 45 of the
protector sleeve 43 will slide onto the O-ring 31. The
protector sleeve 43 prevents any differential pressure
20 Dbetween the annulus passage 25 and the annulus from
damaging the O-ring 31 as the closure sleeve 35
RV ~~  disengages from the O-ring 31. |

When the upper edge 45 of the protector sleeve 43

. reaches the lower edge of the annulus porﬁ 27, the stop

25 shoulders 47, 49 will contact each other. The

protector sleeve 43 will not be able to move upward any

higher. The hydraulic pressure, however, will still be
moving the closure sleeve 35 upward. This causes the

closure sleeve 35 to separate from the protector sleeve



shown in the drawing, with the closure sleeve noving 25 "downwar d

Lo ~ the .open posi ti on. CLAIM5 1. In a well having a
tubi nd hanger for supporting a string of tubing-within casing, the tubing
hanger having a lower cylindrical portion,  a passage 5 extending

- froman upper end of the tubing hanger-t® a port on the cylindrical
portion in communication with an annul us between the tubing and casi ng",‘"’an o

~inmproved val ve for sel ectively lpeni ng and cl osing the port, conprisi ng in 7

‘conbi nation: 1043. WHhep &her clogux csleeyeai 4§ rearhan cits uppermost

cylindrical portdeditiith havhad 1dwedesd4elggl REANS HE' aliyned twbrx! eRare

sl eeve between a | ower positign jin which.the | ower ge is.below the,port v

for bl ocking t he'qRSFk ..ean°8pptet?e p SIS | RO \/\% th tﬁg‘q ofEFengien; s -

above the port: sleeve chode S2eewkll| bei rjligneslingitht dhehcamyhlusir poxt

porti on bel oy { hgy oI af & SEFEadlde 8t N8 HBEGE e CIEevhSsURRTE BT

of the protector” sleeve belng engaged by the | ower edge of the closure

sl eeve 20 to pusteparatrd Lon $HheoyuPREFnvBRdewi 4% O &hesuproteestor as -

- the closur eI s| eeyredRP g3l 0 tph@!pmeés'@ﬁsiéaonunalrm fttHe UaShGTuE @111
Fhe 26 “cl osure e cEERS ERCEEPRERHoMAE BhBARpELySi BRYE 20 ABA pHBRRRe
stoppi ng upwar d25nboetizat sunfacehe protector sleeve before the upper: edge
of- the protector o :
10 . Figure 4 illustrates a prior art annulus valve.
Closure sleeve 35' has a port 59 located above its
~ lower edge 41°'. The lower edge 41' does not slide
above the lower O-ring 31'. The port 59 slides past
the lower O-ring 31' when moving from the closed
15  position (not shown) to the open position shown in
Figure 4. In the open position, the port 59 will align
with the annulus port 27'. - |

While the invention has been shown in only one of
its forms, it should be apparent to those skiil’led in
20 the art that it is not so limited, but ;l.s susceptible
to various changes without departing from the scope of
the invention. For example, '_the closure s_leeve' and :
'prote_ctér sleei_re assembly could be inverted from that W |
shown in the drawing, with the closure sleeve moving
25  downward to ‘the open position.



sl eeve passes the port and before the cl osure sl eevew
position, causing the |ower edge of 30 the closure sieeve To separate from

t he upper edge of the protector sleeve to expose the p

- 11 -~2. In a well having a tubing hah@er for supporﬂmmm“mm“

t ubi:ng=wi t hi n casing, the tubing hangﬁéaggw ng a | ower ¢ cyl i"dri cdl
portion, a passage extending from er end of the tubing hanger to a
5 port on the cylindrical portion in communication with an annul us ' '

bet ween the tubing and casing, -a first annular seal around the

‘cylindrical portion agj ﬁe@éliohﬁg‘inpoaa f ﬁ‘aﬁ %ﬁ%%ir.| cafdls'i%?q Onn%

fhe port,. a second _ann seal cyli -
adj acent to and FErangocafi okuR §Eco‘ﬂ%ﬁ-’-lai¥ ec‘f#%ﬂ"‘h orfie “'r}g?ltng afangayed

valm\;e ffr sel ecthaehﬁgop@: ng aadeielg ﬂdﬁd&{t 6PEDéRSI N@a : '"padssagel
~conbi nati on: . sure_ sleeve slidin i ndrical -
“portion and havi ﬁﬁgﬁﬁdéﬁge frop an “ppﬂgaﬁgdf 8:*nrf3?ﬁ é&f*r’ég P&§§F—E e
lsga][ Qeanzegﬁggkeﬁbeﬁmn tthe c&bmm?ll.tpontiengdgl ienimuinti caft didre withl ar
position in whi cﬁﬂt ﬁé&‘@gleé aﬁgg‘ﬁggﬁegﬁ rc‘)trr%%ﬁ?g %?% ggﬁ%ﬁﬂraﬁ e'{a#pro en%l
clears 20 ' the yalwe atqarotsaﬁtentfslqi&/eopbndhg‘glqmlromiminm the port,

cylindrical porti.Qa-3dis he .eeve and having an edge, the
edge of the prot egt Br s?‘g‘ggr{)el ng engage by the edge of the closure

sl eeve to pusﬂa t he

—

a closure sleeve 's]_.idingly: mounted to the
U - cylindrical portion and having a lower edge;

means for mo{ring the closure sleeve blbetween a
lower position in which the lower edge is below the
port for blocking. the por"t:' and an upper position in

15 which the lower edge is above the port;

a protector sleeve slidingly mounted to the

cylindrical portion below the closure sleeve and having

an upper edge, the upper edge of the protector sleeve

being engaged by the lower edge of the closure sleeve

20 to push the protector sleeve downward with the closure

sleeve as the closure sleeve moves to the 1ower
position,

means for urging the protector sleeve upward for
causing the protector sleeve to inove_ upward as the
25 closure sleeve moves toward the upper position; and

neans f.or' stopping upward novenent of the
protector sleeve before the upper edge of the protector
sleeve passes the port and before the closure sleeve

reaches the upper position, causing the lower edge of
30 the closure sleeve to separate from the upper edge of
the protector sleeve to expose the port to the annulus.



25 protector- sleeve in the second dlrectl

sl eeve as

Ihe cl osure sl eeve noves to the cl osed posi tion; g the
protegtor sl eeve toward the closure steeve for wﬂ ﬁ ‘IM ct.or sleeve

to nove 30 Wit
first direction

protector sleeve to slide over and engage t he second annul ar seal

h the closure sl eeve a the clo €S in the .

toward the open positl “and for cau5|ng t he edge of &ﬁ&

as the

cl osure sl eeve dj sen ages mt he. secon nnul ar. _seal ; d - neans
“for stopping Rt 2 (ﬁel r&@viﬁ%técg ?ﬁé@@ ? qé?%??gfoéﬁﬁﬂgt?on
before the edge sifriﬂrgz bt duthiing | esith igas ses ings p&hle atubingor banger -
e op | au t he

_ argte f?gﬁﬁgfh ggindE?Ea% Siotect q?eeégs?g&e
expose the port @%ﬁ@ ingnfrom. an uHHﬁ%i%ﬁﬂl°ﬁa§Pﬁg Mpngar ko ar

cl osure sleeve r
cl osure sl eeve

supporting asstrg

b&Et Obnt URNED W1 fHdy il Sortivn timwi eemhmgeatbow wgtna

of "the tubi ng. Lé%erap"”lé?%ope%aﬁ@m B0 M) S8, Moy Of roREeeE] o

wi th an annul us bnnuken saalt abpuydatlieceylidndricappperhicn| addacentuter

seal s nounted ar
|nproved val ve f

ectivel open| and cl osi the '
- conprising in coﬁEFﬁaéloﬂnnﬁlaElo§ﬁ?% q(ﬂﬁiﬁi? ﬁﬁ%ﬂte9°rpé°nthe

cylindrical 1port

15

or

hdﬁa&&ﬁth&wlﬁhdliﬁmnrlaﬁ;tlon a second direction from

the port, an improved valve for selectively opening and _

S~

closing the port, comprising in combinatlon.

~a closure sleeve slidiany mounted to the
cylindrical portion and having an edge;

means for moving the closure sleeve in the second

. direction to a closed position engaging both of the

20

25

30

annular seals and blocking the port and in the first
direction to an open position in which the edge
disengages from the secénd annular seal and clears
the port:;

a _pfotector sleeve slidingly mounted to the
cyiindfical portion adjacent the closure sleeve and
having an edge, the edge of the protector sleeve being
engaged by the edge of the closure sleeve to push the
protector sleeve in the second direction with the
closﬁre sleeve as the closure sleeve moves to the
closed position; |

means for urging the protector sleeve toward the
closure sleeve for causing the protector sleeve to move

with the closure sleeve as the closure sleeve moves in |

the first direction toward the open position, and for
causing the edge of the protector sleeve to slide over
and engage the second annular_ seal as the closure
sleeve disengages from the second annular seal; and

QH&d beﬁéibﬁa'a pf’ﬂét‘?”dﬁ?@é!&éﬂd fbehowﬁéwepaee; , adn
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means for mnoving the closure sl eeve downward to a 20 cl osed p05|t|on :
engagi ng bot h of the annul ar -seal s and bl ocking the port-and—upward t0 an .
open positi-on in which the | ower edge di sengages fron1t

seal and noves above the port; a protector sleeve sli m \“{mmlm“\
to fhex25 cylindrical portion below the closure sleeve aylmg an *

upper edge, the upper edge of the protector sleeve being engaged by the
| ower edge of the closure sleeve to pu§h'F%e'protector sl eeve downwar d

with the cl osure sl eevey nghef5£osg%gp%iﬁ§vemgyéﬁ éo oee gﬁgseﬁrggf

posi ti on; -13- npans fqr ur ector sleeve towar
Sl eeve for causi ngsl-ﬂ%"ﬁréf‘ecﬁltﬂ‘ festcdizeshion, hefiaresthecedges ok the

sldeeve]c mﬁve; Upvmpﬁotéeﬂﬁfdslbevéppﬂs?@filth@npoﬁﬁdalfx@rbéf#ﬁénﬂhéhélalgﬂﬁé

edge of .the 0 ye slide _over .the lower annul ar, .sea

the closure sl eeve® gégg% %Sggﬁg?oﬁbghgpﬁﬁmg' éﬁﬁﬁﬂarﬁéﬁn Eﬁﬁdedge

faci ng shoul det onothehteumqu;smmhemd to separate utmmd fthe refige of

shoul der on the in | t e
tRe Bﬁo‘&&c{:B‘E RIQLGEI €5 SkBEYE RS rgwgeé%e prm r£'

shoul der on the tubing hanger and stop upmerd nnvene
 oher than Fﬁ;”éo%“?e;%?f” A VLB bt PhNEL s 1A
posi tion, - causi ng $¥einguert ed'@g’ld?g t W thigs uFés§F‘SevetPB ng hanger
- having a lower cyllndrical portion, a passage
10 extending from an upper end of the tubing hanger to a
port on thé_cylindricai pottion in communication with
an annulus between the tubing and casing, upper and
lower annular seals mounted around the cylindrical
portion above and below the port, an improved valve for
15 'selectively opening and c1051ng the port, comprisinq in
conbinatlon. :

a closure sleeve slidingly ‘mounted’ to the
cylindrical portion and having a lower edge;

‘means for moving the closure sleeve downward to a

20 closed position engnging both of the annular seals and

blocking the port and upward to an open position in

which the lower edge disengages from the lower annular

— seal and moves above the port; ' '

a protector sleeve slidingly mounted to the
25 cylindrical portion below the closure sleeve'and_having
an upper edge, the upper edge of the protéctor sleeve
being'engaged by the lower edge of the closure sleeve
to push the protector sleeve downward with the closure
sleeve as the olosure sleeve moves to the closed

30 position;



upwar d from the upper edge of t he protec[gL,sLeeve—rU‘eYEBEE the port to

- the annulus. 4. In a well having a tubing han ““& |ng a. 20
Btring of tubing within casing, -the tubing *@L “‘i | ower .
cylindrical portion, a passage extendi ng m uppet ehd of the tubJ ng
hanger to a port on the cylindrical portion in commnication with an. 4

annul us between the tubing and casing, 493 upper and 25 | ower annul ar

seal s mounted around the cylindrical portion above and bel ow the port, an

i mproved val ve for selmeans/efyrom-mmg ae cpostectohespeete dmwpmcslmel n

conbi nati.on: a- éf’éé{{;ge éi._?&}’é ftf‘t!' égu@idi’ W?%ﬁeé&r tdee ove

cylindrical-: portlon an novi ng -t e closure
si eeve downwar d t‘ép‘aaﬁo%%dtbesF@PEHrEnﬁagﬁﬁg b@eNes upwarshnhiowaxshthe and
FI ocki ng th& por togén Pa%t§°h9| fam)pﬁsrpaauhmg ithe uppd¥ edydi Q{fhtth% o
ower edge disen om:the | o a e S .a e
a protector’ &g éeg{"?ﬁl Sﬁﬁveﬁgﬁ’nts&&& ‘??ﬁet@yl B %&Fgczﬂ"l}ﬁl I ow
the closure sl eevssaﬂderwmmgré smewmisamges hﬁrwpuueeljgeenfahhelar
protector sleeve $ g engaged by the | ower edge of the closure sleeve to
push the protecto eeve downwar d mnth the closure sleeve as the closure
sl eeve noves to the closed position; an extensi on sl eeve extendin
downwar d from the cl osdr@ownwayd GWQﬂﬂs(5@Q9¥Qﬁro?ntﬁéﬁn@ﬁhﬁﬁinhiFQ%Vé

and

1c '.an'upwerd facing shoqider on the interior of the .
protector sleeve positioned to engage the shoulder on o/
the tublng hanger and stop upward movement of. the-
protector sleeve at a point wherein the upper edge of
the protector sleeve is no higher than the port and

15 before the closure sleeve reaches the open position,
causing the ‘lower edge of the closure sleeve to move
upward from the upper edge of the protector sleeve to

expose the port to the annulus.
4. In a well having a tubing hanger for supporting a

20 string of tubing within casing, the tubing hanger
"~ having a = lower cylindrical portion, a passage
extending from an upper end of the tubing hanger to a
port on the cylindrical portion in communication with

. an annulus between the tubing and casing, upper eﬁd_\—j
25  lower annular seals mounted around the cylindrical
- porfion abo#e and below the port, an improved valve for
selectively openinq and closing the port, comprising in

comb1nat10n°

a closure sleeve s8lidingly mounted to the
30 cylindrical portion and having a lower edge;

‘means for moving the closure sleeve downward to a
closed position engaging both of the annular seals and
blocking the port and upward to an open position in



and spaced froma portlon of the exterior of the protegt’or,il_eeie,_—def—l—mng
a-recess; a sprrng | ocated in the recess urging the upper

pr ot ector sl-eeve'in abutnment with the | ower edge of the ﬂi@ﬁ“%m
‘causi.ng-the protector sleeve to nove upward as the cl os

upwal & :toward the open position, and causing the upper edge of t he
protector sleeve to slide over the | owert426 annul ar seal as the |ower edge

of the closure eve di rom.the_| ower gnnul seal ; a downwar d
faci ng shoul der%cgﬁ'#h ‘S{ f‘%"é aﬁ i déﬁﬁngﬁgﬁﬁv\g %%&MImthhe
interior of the sERal prandaalcmeslmpﬂmtpctmeﬂ to engage the shoul der on
t he tubing hanger and stop upward novenent of the protector sleeve at a

point wherein the upper gegeeLtotNespeairgct | hery t the
-port and before th][)d_grtfure sl e%ve ?eachgs ?Eéaggg\%?po;%&a&% catr]%geng ‘

the |l ower edge & GALIREEEIRR belpwkhe (FARFUrS rpkeeYe cand eavinge of
t he prot ect 0r5 slaaeVprere)eﬂgee ithe pppert cedde annlﬂhes protector sleeve

being engaged by the lower edge of the closure sleeve
" to push the protector sleeve downward ‘with the Closure

sleeve as the closure sleeve mnmoves to the closed :
position;

10 - an extension sleeve 'exte'nding dowriward from the

\_ : closure sleeve on the exterior of the protector sleeve

' | and spaced from a portion of the exterior of the
protector sleeve, defining a recess,

a spring located in the recess urging the upper' -
15 edge of the protector sleeve in abutment with the lower
- edge of the closure sleeve, causing the protector
sleeve to move upward as the closure s1eeve moves
upward toward the open position, and causing the upper
edge of the protector sleeve to slide over the lower
20 annular seal as the lower edge of the closure sleeve.
'di'sengages from the lower annular seal;

_ a downward facing shoulder on the tubing hanger;
U and ' | '

an upward facing shoulder on the inte.rior' of _the

. 25 protector sleeve positioned to engage the shoulder on

the tubing hanger and stop upward movement of the

protector sleeve at a point wherein the upper edge of

the protector sleeve is no higher than the port and

before the closure sleeve reaches the open position,

30 causing the lower edge of the closure sleeve to move

upward from the upper edge of the protector ‘sleeve to
expose the port to the annulus.




