BIMETALLIC DIAPHRAGM FOR TRAPPED FLUID EXPANSION CROSS-REFERENCE TO RELATED
APPLICATION: This application claims priority to provisional application 61/183,699, filed June 3, 2009.
FIELD OF THE INVENTION This invention relates in general to subsea well production trees, and in
particular to a bimetallic diaphragm located in an area containing a trapped volume of fluid subject to

expansion and contragiinE FANE LPCIIRPIRAGIN AR FEYRES ROUNDERBAE GNVENTION One type

of subsea wellhead assembly has a production tree mounted to a wellhead housing at the upper end of
the well. In o i ef izontal tree, a tubing hanger lands in the
production tr@gaﬁ%%ﬁ?@#ﬁf?ﬁg&ﬁ?@iﬁ@ﬁéﬁ@;m has an axial passage that receives the
flow of well fluid. The axial passage has a lateral outlet between upper and lower ends of the axial
passage. Thehiaappli G cketyiasersoniynta Riavialanatlepihi caikgsy 64ISRHPR &l ed tlness,ai®Plug is
secured in the axial passage above the lateral outlet to cause the well fluid to flow out the lateral outlet.
The plug is refgeyable apgE PRV iasialled and retrieved with a wireline. For safety reasons, at least

two pressure barriers are located in the tree to prevent well fluid from flowing above the tubing hanger.
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barrier. In otbenetalialdiiphagamsecard Vyiralirecal donsiinisigléeddpodtvidioimeg bRnged paisisegeabove the
first plug. The secand or er wireline plug is considered to be the second pressure barrier. The axial
passage in tﬁépﬁfﬁﬂa ﬁéf#é) t%ﬂﬁ@’&%ﬁﬂ@%%%etﬂmer plug is lowered in place above the lower
plug. Normally, there is no outlet leading to the space in the passage between the plugs, thus the liquid

will be trapp&h CKiGRPRNTUCKohHIRENYEENU@Nowing up the tubing can be at elevated temperatures
because of the temperature of

One type of subsea wellhead assembly has a production tree mounted to a wellhead
housing at the upper end of the well. In one type of production tree, referred to as a
horizontal tree, a tubing hanger lands in the production tree. The tubing hanger supports
a string of tubing and has an axia passage that receives the flow of well fluid. The axial
passage has a lateral outlet between upper and lower ends of the axial passage. The
lateral outlet registers with a lateral outlet in the production tree. At least one plug is
secured in the axial passage above the lateral outlet to cause the well fluid to flow out the
lateral outlet. The plug isretrievable and normally installed and retrieved with awireline.

For safety reasons, at least two pressure barriers are located in the tree to prevent well
fluid from flowing above the tubing hanger. The first pressure barrier is considered to be
the wireline plug. In some installations, a tree cap is installed in the bore of the
production tree above the tubing hanger to serve as the second pressure barrier. In other
installations, a second wireline plug is installed in the tubing hanger passage above the
first plug. The second or upper wireline plug is considered to be the second pressure
barrier.

The axia passage in the tubing hanger contains a liquid before the upper plug is lowered
in place above the lower plug. Normally, there is no outlet leading to the space in the
passage between the plugs, thus the liquid will be trapped. During production, the well
fluid flowing up the tubing can be at elevated temperatures because of the temperature of



1 the producing formation. The elevated temperature can cause the liquid in the trapped fluid space to
expand. The expansion would cause the pressure within the trapped fluid space to rise and could result
in leakage across the seals of one or both of the wireline plugs. When the well is shut in, the temperature
will drop because of the cool temperature of the sea water at the sea floor. The liquid in the trapped fluid

space shrinkseastddhe Ry aonkiER MOPThd kisvadd GbahiRdRiRssafecansdIRaligai§en wrlehipie drawn

across the seals of the upper plug. The cycling of temperature can damage the seals, reducing the

effectivenes’ YOBBRIGAOBEIn g PRSEASIOIMAL ISOIFRIRR R B U SHALEI R Uk 13aReSEHB Iy has a
tubular memgeewit s APBRERICP FEaINING fEspRthepesONE RIS off BRPbIdSbiebnena aerlRAdrapped

fluid space between them that is filled with a liquid. A cavity is formed in the first plug. A barrier is

mounted to 8% st PESERNYRY olrSthE AavitDes SemRaidity 8 oWith FTidRHRCHER Ple IELIEPR! the trapped

fluid space.iéhpdatiierdstiosableieReatedialirRivreernisngliand Ve pReItinng Hiesaanses to
temperature changes. The inner position reduces a volume of the cavity and increases a volume of the

trapped fluid®SHadE £ SIUE A 8Ree sHilR TSHMSLOR: IBRIFTFHEP FRM I CrLR R raaiee IR L8 he outer
position increases the vellang aidhppaviiiugndT Beeirisesdhecrgiormeref tae tanags theuidppace to

avoid a vacuu o,ccugin . Preferably, the barrier is immovable iE re,sFonse to an increase in hydrostatic

pressure wHEYHEYHEE FIIRAY RTETRb RS A UIS BRAR DY RESSHTR ifread assembly. In the preferred

embodiment, the barrier comprising a metallic diaphragm having a convex outer surface and a concave
inner surfac&&bkéARYticularly, the barrier has at least two metallic layers, with one of the metallic layers
having a different coefficient of thermal expansion than the other. The cavity may be filled with a

compressibla flyideln QagpPadinaN, e saviuis flledhwithicapRiesRNs it ARelpgpted
pressure prior to the first plug being
second plugs. The plugs define a sealed trapped fluid space between them that is filled
with aliquid. A cavity isformed in the first plug. A barrier is mounted to the first plug
sealingly over the cavity and in fluid communication with the liquid in the trapped fluid
space. The barrier is movable repeatedly between inner and outer positions in response
to temperature changes. The inner position reduces a volume of the cavity and increases
a volume of the trapped fluid space to prevent excessive pressure occurring due to a
temperature increase. The outer position increases the volume of the cavity and

decreases the volume of the trapped liquid space to avoid a vacuum occurring.

Preferably, the barrier is immovable in response to an increase in hydrostatic pressure
while the first plug is lowered from a surface vessel into wellhead assembly. In the
preferred embodiment, the barrier comprising a metalic diaphragm having a convex
outer surface and a concave inner surface. More particularly, the barrier has at least two
metallic layers, with one of the metallic layers having a different coefficient of thermal

expansion than the other.

The cavity may be filled with a compressible fluid. In one embodiment, the cavity is
filled with a compressible fluid at an elevated pressure prior to the first plug being
lowered subsea from a surface vessel.



lowered subsea from a surface vessel. 2 BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a
sectional view of a portion of a subsea tree having a bimetallic diaphragm installed in accordance with
this invention. Figure 2 is an enlarged view of a portion of the tree of Figure 1. DETAILED
DESCRIPTION OF THE INVENTION Referring to Figure 1, a production tree 11 is installed at the

seafloor at tiRypPes ERdrRFT | BRllORrPAEctmaleeEshas a bore 13 that extends through it along the
longitudinal axis of tree 11. A production outlet 15 extends from tree bore 13 laterally outward. A tubing

hanger 17 lands in free bore.13 and is secured.to a string of production tuhing (net shown) for the flow of
well uid from SIS & TG FNSE 0 0 UL HRSELoT AAA & PAICHSH 5 AR e

laterally outviasidi feiaxicdrpassagiti thikateeati gassage 21 registers with production outlet 15. Seals 18
above and below lateral passage 21 seal the junction of tubing hanger lateral passage 21 with production

outlet 15. A ism, 20 | j in: ore 13. Tree 11 has various valves
and other eq[ﬁ; m%%ﬁ%m&ﬁo%éﬁéﬁﬁ%iﬂ&%ﬁ %cfg}ﬁlr%g%% Figure 2, in this embodiment, an
upper crown Il%g 23 and a lower crown plug 25 are installed in tubing hanger axial passage 19 above
lateral passdg’é ﬂ'.%%%\%@'&@%ﬂ%lﬁé%‘yggw@ Qhd typically installed and removed by a running
tool (not shown) deployed on wireline, drill pipe or coiled tubing. Upper and lower crown plugs 23, 25
may be a vaRefgreihgitteregirepes pradbetienareplelskomeal aich trrsseafibey Boghe ubpavighddgsleg seal or

elastomeric packing 29 lacated on the exterior for sealin inst the sidewall of tubing hanger axial
passage 19 INE HSUARETR ot S A GEE 5o o RS LX) AU, 59 BER AR io25, thereby
retaining pacifinge’@10nphrgduetp?dutiSeb Brexafs hasrendernding |ipethiay umerd. metalbingnetal seal
(Vjvc'fgsaﬁho“' AT T e A e L e P R b s QU A

shown) for the flow of well fluid from the well. Tubing hanger 17 has an axia passage

19, and a lateral passage 21 extends laterally outward from axial passage 19. Lateral

passage 21 registers with production outlet 15. Seals 18 above and below lateral passage

21 seal the junction of tubing hanger lateral passage 21 with production outlet 15. A

lockdown mechanism 20 locks tubing hanger 17 in tree bore 13. Tree 11 has various

valves and other equipment for controlling production of the well.

Referring to Figure 2, in this embodiment, an upper crown plug 23 and a lower crown
plug 25 are installed in tubing hanger axia passage 19 above latera passage 21. Upper
and lower crown plugs 23, 25 are typically installed and removed by a running tool (not
shown) deployed on wireline, drill pipe or coiled tubing. Upper and lower crown plugs
23, 25 may be avariety of different types. In the example shown, each has a plug body
27 with a plug seal or elastomeric packing 29 located on the exterior for sealing against
the sidewall of tubing hanger axial passage 19. In this embodiment, a metal seal ring 30
secures to plug body 27 below packing 29, thereby retaining packing 29 on plug body 27.
Seal ring 30 has a depending lip that forms a metal-to-metal seal with a shoulder in axial
passage 19. Each crown plug 23, 25 has a lock member, such as a split ring or dogs 31,
which is moved radially outward into engagement with a profile 33 in tubing hanger axial

passage 19.



which is moved radially outward into engagement with a profile 33 in tubing hanger axial passage 19. 3
Each plug 23, 25 has an actuator 35 with a tapered surface that mates with dogs 31. When moved
downward, actuator 35 forces dogs 31 radially outward into profile 33. In this example, a ratchet member
37 is mounted to body 27 and extends upward alongside ratchet member 37. Each ratchet member 37

comprises aEgiieliRaes, w8ihigai-eftivr BBREIC Bl tRbdaeer e aie MaRiafbiogastimaierential
grooves on its exterior, and the teeth of ratchet member 37 are biased inward aﬂ%[lnst these grooves. As

actuator 35 TRYREL AR d arieiol (IR d RTBeT S1a9sratc R A AR Jrb \ReelThdssalt dbth shapes

of the teeth aRehgiRO Ve sAERESt MBHHIBERT3FS! § ROURRYING BBKATRY I2iaieinenastupieadSaBntRRitower,
locked position. An axially extending bolt 39 secures to threads in body 27 and extends upward into a

central cavit) RN 0F 35 EATRIAIGPEMEmBRIRY AROVRITES &1SAUE B ngstysh S8 49, Bolt 39

has an enlarggsehead! that Eetaing aRt tURLERIIZREr \BE MBS iy climelt BRgal Wt dovas driete exedri bpveag crown plug
25 has an optional grotective plate 40 on its lower end attached to metal seal rig 30. Plate 40 protects

lower crown PRIFSE RHFAUGELMRTRRS R{pRiR PRSEAHgWRS ASRNRLIRG GRS pASSHEP 3nd out

lateral passagevés dof@wanalugiches nrbetid hasterrivaripty ehdijfesies|oTkingameshiariaaesand seals.
After upper and lower cr@o?\gr&gplu s 23, 25 are set, a trapped f_Iuidﬁs&?ce 43 wil| be located _in axial
£

passage 19 BetiRETHh Qe JeS{h PARLARRAIRP S ECHN SRONHDS HRNEEEh SR NEh 2GR 13 within

axial passaggd SowbeNauiaipsasn2 3A AN aNg srterdiithbbid\3d s plditddipesatat.oodthis7
embodimenté{saere iS no vent f@r. Sﬁlce 43, thus the fluid . within it is trapped. Initially the reisure of the
trapped fluid sﬁﬁ@@dz?s%%% g &aﬁﬁﬁgﬂ/ SPYHY 4 hm‘f’ét 5preé§fﬂ@°a{s a9 e& Yectly above

packing 29. Molvelsl €apl 4110é sbovwaly coT dndebioistalbed Bold Sealee wntespdague hdadbwe fething hanger 17,
but fluid would remag%betw%eg tI}c_? aeal of the tree cap.and upper crown plug 23, and that
with body uring run-in and retrieval.

actuator

Lower crown plug 25 has an optional protective plate 40 on its lower end attached to
metal seal ring 30. Plate 40 protects lower crown plug 25 from wear due to rapidly
flowing well fluid flowing up axia passage 19 and out lateral passage 21. Crown plugs

23, 25 could have avariety of different locking mechanisms and seals.

After upper and lower crown plugs 23, 25 are set, atrapped fluid space 43 will be located
in axia passage 19 between them. Space 43 will normally be filled with the same fluid
that was located within axial passage 19 when crown plugs 23, 25 were set, which may
be well fluid or water. In this embodiment, there is no vent for space 43, thus the fluid
within it is trapped. Initially the pressure of the trapped fluid in space 43 will be
substantially at the same hydrostatic pressure as the fluid directly above packing 29. A
tree cap (not shown) could be installed and sealed in tree bore 13 above tubing hanger 17,
but fluid would remain between the seal of the tree cap and upper crown plug 23, and that
fluid would be at the hydrostatic pressure based on the depth of the water where
production tree 11 is installed. Consequently, the trapped fluid in space 43 between
crown plugs 23, 25 would aso initially be at the hydrostatic pressure of the sea water

surrounding tree 11.



fluid would be at the hydrostatic pressure based on the depth of the water where production tree 11 is
installed. Consequently, the trapped fluid in space 43 between crown plugs 23, 25 would also initially be
at the hydrostatic pressure of the sea water surrounding tree 11. 4 During production of the well, the well
fluid flowing out lateral passage 21 may be elevated in temperature, possibly up to 275 degrees F or

more. This hegfingl fraasteopnst thereape the leanPRIRE FRoRl Saediiraerkfl wssiagnacends, eausing it to

expand. The expansion could result in a substantial increase in the pressure of the fluid in space 43,

creating a higPHRSEHEIRGELSG PIRTBL 1L 5o daess PR dAgh diftsladiyyiPrkesde @lid damage
seals 29, 30jaeressltie eakasaroietrePprdifigeaut ofcRRep48. M¥hea they Welbisghdin ame cools, the

temperature of the trapped fluid in_ space 43 could drop to the ambient temperature of the sea water. This

drop contracBRARSHNEMISEsH 4 3 RAER! BLIBRGHRE B RESHRH S HYHARRa ASome of the
fluid in spacerégimgch NeRtigrpeled praRoréerRey/aigad torneBHUErBtSedifferenayieebiless fluid in

space 43 when it cools than the initial volume. This could result in a lower pressure within trapped fluid

space 43 th&HEARAYR BEALS sre <P BBV 5395 QG ARned [IHIGigHHYT RRRes 47 Ve IBSte a

vacuum thatwepuig gaiisa Briddsoflo\thaceasgserale 8P aBdrathtidl irapnegdivid spagkl 4BoRepeated
cycles of expelling fluid durin rodugtion and drawing .in fluid durin c&;liﬂﬁ]could damasc:]e the seals 29,
qﬁ@m ?&ﬁ] [

30, and prev&fit SBREHIR OS5 46T Welehst B dhPR GBS f BHG4Fares3aW, trapped
fluid pressurghiglieviags deyioeesiuiud aanfrolnieadsrenitd tnappeckibfidHeprari 48 tpaekexsHidiis
occurrence. In this e ple, the devjce is located on the lower end of upper cro ug 23. The device
incluces a cH6R) FAOSIFTLA L HECH BHELERD B AT GUESEs R R R EP PSBatoARRy 30, which
may be metaipivbkastomsilis tReavine4 hiiracoonave, iMthis exampisulbuh aserdrqbressarvgtargment of a
sphere. Cavﬁyagpleg Sui s8é{c§8r4§'t rgr?tt%relﬂytglrlgs?a)iﬁzmp?(le%wre above upper plug 23. If sufficiently
lower, it could create a vacuum that would cause fluid to flow across seals 29 and 30 into
trapped fluid space 43. Repeated cycles of expelling fluid during production and drawing
in fluid during cooling could damage the seals 29, 30, and prevent them from properly

sealing.

At least one or both of crown plugs 23 or 25 has a trapped fluid pressure relieving device
in fluid communication with trapped fluid space 43 to prevent this occurrence. In this
example, the device is located on the lower end of upper crown plug 23. The device
includes a cavity 41, which isformed on alower end of body 27 and surrounded by a sedl
ring 30, which may be metal or elastomeric. Cavity 41 is concave in this example, but
need not be a true segment of a sphere. Cavity 41 has an outer diameter in this example
equal to theinner diameter of metal seal 30.

A bimetallic diaphragm 45 is mounted below cavity 41 and sealed around the perimeter
of cavity 41 to define a sealed void 46. Diaphragm 45 is preferably secured to metal seal
ring 30, but alternately it could be secured to plug body 27. Diaphragm 45 has two or
more metallic layers, including an inner layer 47 and an outer layer 49, and they may be
formed of conventional metals with significantly different coefficients of expansion, such
as metals used in thermostats. In this example, the natural shape of diaphragm 45 when
initially installed is concave on its side facing cavity 41 and convex on its opposite side.



equal to the inner diameter of metal seal 30. A bimetallic diaphragm 45 is mounted below cavity 41 and
sealed around the perimeter of cavity 41 to define a sealed void 46. Diaphragm 45 is preferably secured
to metal seal ring 30, but alternately it could be secured to plug body 27. Diaphragm 45 has two or more
metallic layers, including an inner layer 47 and an outer layer 49, and they may be formed of

conventional mgfial exvisuriaiii cartbadifie trnéaeg Ticieis Hemrasianuswin nmermgialsarsge in
thermostats. In this example, the natural shape ot diaphragm 45 when initially installed is concave on its

side facing c2RREPAMERYY (h8 835 iVVEERJIS 8 1 d INFiaied MasiiRT AR naSueRL POty 41 and
the inner radiggiehin@ehisWan 4 Fifi e D NS A Ve 20 XY her indbe iidiehinsiajiedapgition and

viewed in cross- section, as shown in Figure 2, void 46 between cavity 41 and inner layer 47 is generally

elliptical. Th&IMESRLolLRANSE BhyQHEee evalch A8 DRy LY IS ANt impRtAG & 998 W' lected to

equal or excasqsthe @xa ebeshaa or RkexRR IR Sidlee Hridun trpaegonloidthearedtihifrdigpéamperature
rises to the maximum e>%ected. Preferably, an arrangp%nent iIs made so that bimetallic diaphragm 45
i

does not defibtfl BFSATAING BINRERAYHSHSESI 18 TR SXREtHSStatic pressure that occurs as upper

crown plug 23 is being run. Ideally, once crown plug 23 is installed in tubing hanger 17, bimetallic
diaphragm 4Brefet dintys pac e dnyenewitg sade ot that Sametaliivodisphsagonidg dodehoistibnbn of

diaphragm 45 to %P%%ri Itﬂ ‘I?r:]%TThls arr%)n%ement could bedﬂ])gtd > AN severatln ays. For exameple, layers

47, 49 of birﬁ(e)\f\éqﬂc laphragm 4 20Ul e made i ('-:-rﬁgﬁgh sﬁtﬁﬁ ptrr?g%%eey 0116 rgeq?e%@%lgnificantly

toward cavitgrétvinplegiiscoenieuexddettly, bpdeastatic fluigl 28es sosialiedrieasiiog Hangaiter layer 49
during run-in,.| t 'Qﬁ%ﬁ void 46 cou in.either a compressible fluid, such_as air or an inert
gas such asrb'n'ﬁ%%ﬂéﬁ. FB %gl%rgs%gfjélv \'/@lt Fnégg‘%g&;ﬁ%t%%ﬁ}%oﬁéﬁgeuﬁﬁnéoﬁmér‘%ﬁkﬁerar‘?aqwl('erll;g, void 46
could be evaaiteteihstallation of diaphragm 45 to upper plug 23. This arrangement could be made in

several ways.

For example, layers 47, 49 of bimetallic diaphragm 46 could be made stiff enough such
that they do not deflect significantly toward cavity 41 in response to the expected
hydrostatic fluid pressure increase on the outer layer 49 during run-in. In that instance,
void 46 could contain either a compressible fluid, such as air or an inert gas such as
nitrogen. The pressure within void 46 initially could be atmospheric. Alternatively, void
46 could be evacuated.

In an alternate arrangement, a spring could be employed to prevent bimetallic diaphragm
45 from deflecting inward due to the increase in hydrostatic pressure as crown plug 23 is
being run. In that instance, void 46 could either be evacuated initially or left at
atmospheric pressure.

In another aternate arrangement, void 46 between diaphragm 45 and cavity 41 could
contain a compressible fluid, such as air or an inert gas such as nitrogen, under an initial
installation pressure. Void 46 would be pressurized during installation of diaphragm 45
to the approximate hydrostatic pressure expected, or slightly less, when crown plug 23 is
installed in subsea tree 11. The pressurization could be performed prior to installation of

crown plug 23 by a pump injecting a fluid through an injection port having avalve.



In an alternate arrangement, a spring could be employed to prevent bimetallic diaphragm 45 from
deflecting inward due to the increase in hydrostatic pressure as crown plug 23 is being run. In that
instance, void 46 could either be evacuated initially or left at atmospheric pressure. In another alternate
arrangement, void 46 between diaphragm 45 and cavity 41 could contain a compressible fluid, such as

air or an ineftgaREEeMPRAROSE Fhd MREr atoliiatrdigapaIP RPesHELE NdRIfeAd siehdderpeessurized
during installation of diaphragm 45 to the approximate hydrostatic t%rsgssu_re expected, or slightly less,

when crown IR DS {EEh YRR FTAVEY B 4R/ EIURRSE HRVR RIS e TBEIRPYaRE IRiadsbr to
installation obassaysn B] USSP CdPAPRRRIAS NG| BRI B oHaly ) dRdeei phedUavingaevalve. 6 During

completion of the well, lower crown plug 25 is first installed, such as on a wireline, then upper crown plug

23. As uppePBfof BRI NeTEA IGKEHAH RS W28 E78 dFetRIRr iETh 2 148 Wil be acted

on by hydrosfaigkaiRssure d1B/\ RN teoafdhe mEsnae e sss threriqies @eavehiviltihergsnmoyed to
prevent signjficant shrinkage of void 46 due to hydrostatic pressure. Also, the temperature within the

tubing hangd96aApeL B il W' XD EReE AR YRR A G RE ShRAGI A S ESinitially

installed. Thinditigyantirenaliexpansian arefaienisod ryesssfi ¢ ehdsbradayerti 1o4mneg tngetallic
diaphragm 45 to deflect farther away from cavity 41, increasin th? volume of void 46. Before any
production ofAERE I TREEI FHABRATRETL P A5 S s Y e MR A ESORP I 46y the same

amount or maskie Bf1ioid udtiab dftstadiayiprodietibn vretdreind dediiobiveathe dkghfiaiehfiBiing up axial
' the tempeFEtHb BPIC BHEAR Ot HoAL TG WP AU e P e R P o
increase in tggpRegbHe as well. This temperature increase causes the fluid in trapped fluid space 43 to
increase in volume. The additional pressure caused by the increase in

As the well begins to produce, the well fluid flowing up axial passage 19 and out lateral

passage 21 will be an elevated temperature above the ambient sea water due to the

temperature of the producing formation. The heat will cause the fluid trapped in space 43

to increase in temperature as well. This temperature increase causes the fluid in trapped

fluid space 43 to increase in volume. The additional pressure caused by the increase in

volume plus the effect of heat on bimetallic diaphragm 45 causes bimetallic diaphragm

45 to deflect upward toward cavity 41. The upward deflection decreases the volume of

void 46 and increases the volume of trapped fluid space 43. This increase in volume of

trapped fluid space 43 reduces the increase in pressure of the trapped fluid that would

otherwise occur. Bimetallic diaphragm 45 continues to deflect upward as the temperature

rises because of the different coefficients of thermal expansion of itslayers 47, 49. At the

maximum expected temperature, bimetallic diaphragm 45 will be in contact or nearly in

contact with cavity 41, the volume of void 46 will be at a minimum, and the pressure in

trapped fluid space 43 will be substantially the same or only dightly elevated from its

initial hydrostatic pressure.

When the well is shut in, the temperature will decrease and the volume of trapped fluid in
space 43 contracts. As the temperature decreases, the different coefficients of thermal
expansion of bimetallic diaphragm 45 cause it to deflect downward, away from cavity 41

and increasing the volume of void 46. This deflection reduces the volume of trapped



volume plus the effect of heat on bimetallic diaphragm 45 causes bimetallic diaphragm 45 to deflect
upward toward cavity 41. The upward deflection decreases the volume of void 46 and increases the
volume of trapped fluid space 43. This increase in volume of trapped fluid space 43 reduces the increase
in pressure of the trapped fluid that would otherwise occur. Bimetallic diaphragm 45 continues to deflect
upward as theiergpeiaugerdsendeen e ehthrcdiiee it ereficinnlg abpprimal §eeansonghits layers
47, 49. At the maximum expected temperature, bimetallic diaphragm 45 will be in contact or nearly in

contact with CeRRFHO BROVOINFIEHA OXPTRsGHF bk RIeRRHTR urh NS REEasH B IS POt Al S ASHRRd fluid
space 43 wilkkessphstmishlly the senerantirsialily, elexsses Bamits duiaghy@reptatie Rigssure. When

the well is shut in, the temperature will decrease and the volume of trapped fluid in space 43 contracts.
As the tempEFRHiY BRGERRs, the different coefficients of thermal expansion of bimetallic diaphragm 45
cause it to deflect downward, away from cavity 41 and increasing the volume of void 46. This deflection
reduces the Atinonghosticappaitbchdilitd sppeephty@t3] endsilocliepbrdagimelpresddrd tef tibkiffutoetrapped in

space 43 fro ecreasing below the initial hydrostatic fluid pressure. The pressure differentjals across
B TR o TR e LR Wone AR R PGB e

seals 29, 30 main within acceptabledimits auring the

Although shooul catectrepl égedpive oiblergePEashimitét slicsekaymiocgtoiSeqoidohaitetiraitbiy & érappiadhed to the
Lelg,]ZS. IFsurthermore, bimetallic diaphragm 45 could be employed in other

upper end ofﬂll%fer cromgé}ev

I
areas with subsegpgg(%uc Ion equiprment that have trapped fluid spaces between seals. Bimetallic
diaphragm 45 deflects to increase the volume of trapped fluid space 43 in response to an increase in

pressure of fRETl it dappeamMui® sishlestazotrcinapedhe upl piesofirsansrd fluid wPageiddréase in
temperature  JRSRIMGAIGFYELS i prdSie YRV AGM Pt 3pHEaS At haIRs s AR RAL fpgains its
original profile upon cooling.
pressure being due to an increase in temperature.  The bimetallic layers 47, 49 of
diaphragm 45 insures that it deflects back and regains its original profile upon cooling.
It further enables repeated use during start up and shut down conditions, which initiate
temperature increase and decrease in the trapped fluid space 43. Unlike an element that
ruptures, there is no need to replace bimetallic diaphragm 45 after one elevation in

temperature of the fluid in trapped fluid space 43.

While the invention has been described in only afew of itsforms, it should be apparent to
those skilled in the art that it is not so limited, but is susceptible to various changes
without departing from the scope of the invention. For example, the bimetalic
diaphragm could be configured as a self-contained unit that could be mounted in any

trapped volume cavity susceptible to presssure increases due to temperature fluctuations.



It further enables repeated use during start up and shut down conditions, which initiate temperature
increase and decrease in the trapped fluid space 43. Unlike an element that ruptures, there is no need to
replace bimetallic diaphragm 45 after one elevation in temperature of the fluid in trapped fluid space 43.
While the invention has been described in only a few of its forms, it should be apparent to those skilled in
the art that inig0t $8 inKgN vt i susceptible to various changes without departing from the scope of
the invention. For example, the bimetallic diaphragm could be configured as a self-contained unit that

could be moynted in any trap vglume cavit ceptible to presssure in ses due to temperature
foctuations. 15 WHATIEE NRTESSP N, Sl AR b UL T B Aok HO e B e er
(17) with a paamel f(19)eadddsichpldge@3) @5 nys(R&) REhmpassted, iddfive mpaseged defipied) a sealed
trapped fluid space (4 tween the plugs that.is filled with a.liquid, characterized by: a barrier (45)
sealingly mgthE‘f&D%éﬁ@%fE&ﬁ(Y@@‘S&ﬁ&Sﬁ@ﬁé'le' %@W'Lﬁé’? 't%'{\?fe%ﬁﬁﬁ erl!)%eréi%}('and the first plug, the
barrier being in fluid communication with the liquid in the trapped fluid space, the barrier being movable
repeatedly belauéer i#asealthalytaropdstibmsimfiest pbug ordakneresad oe \(idr{gek batweandieosition
reducing a v, [ ition| ing: | ed void. 2.
The welIheagyagir%r}ﬁgjcﬁﬁﬁlﬁoﬁﬁﬁ%ﬁv%er i%tﬂ@%%&%%& mﬂi‘@%ﬁgﬁgﬁn to the

inner positiol danedgbtideJene i doaiE én feinge mavabl 8. renesigaiih dstivesse bR ansbrelit’y to claim 1,

wherein the ler is; r@%lﬂ?@r’ itj t nAsItiQn ik crease in
temperature. ggflﬁr{g?vlv@ﬁﬁ%gb%aéssem y ﬁ:%%mqg’éﬁfmn%%%g%ﬁtm%%@%&@ble in
response to seRlipitbreidandl ihpcndisrapesiire Sigeasittiey algmelabtReissata@udidm a surface vessel into

wellhead assembly. 5. The wellhead assembly according to claim 1, wherein the barrier comprising a
2. The wellhead assembly according to claim 1, wherein the barrier moves from the

outer position to the inner position in response to an increase in temperature.

3. The wellhead assembly according to claim 1, wherein the barrier is movable from

the inner position to the outer position in response to a decrease in temperature.

4. The wellhead assembly according to claim 1, wherein the barrier isimmovable in
response to an increase in hydrostatic pressure while the first plug is lowered from a

surface vessel into wellhead assembly.

5. The wellhead assembly according to claim 1, wherein the barrier comprising a
metallic diaphragm having a convex outer surface and a concave inner surface.

6. The wellhead assembly according to claim 1, wherein the barrier comprises a
dome-shaped diaphragm having at least two metallic layers (47, 49) with different

coefficients of thermal expansion.

7. The wellhead assembly according to claim 1, wherein the sealed void is filled
with a compressible fluid.

8. The wellhead assembly according to claim 1, wherein the sealed void is filled
with a compressible fluid at an elevated pressure prior to the first plug being lowered

subsea from a surface vessdl.



metallic diaphragm having a convex outer surface and a concave inner surface. 6. The wellhead
assembly according to claim 1, wherein the barrier comprises a dome-shaped diaphragm having at least
two metallic layers (47, 49) with different coefficients of thermal expansion. 7. The wellhead assembly
according to claim 1, wherein the sealed void is filled with a compressible fluid. 8. The wellhead

assembly acgording f Gaimhdaomaerainl hecerimsyvaiddsiftied wHE acenpirsriale) fitsbabpp elevated
pressure prior to the first plug being lowered subsea from a surface vessel. 9 9. The wellhead assembly
according to HIEieN OWPLPERM the wellhead assembly further comprises: a subsea production tree (11)
having a bore (13); and wherein the tubular member comprises: a tubing hanger (17) landed within the
bore of the teesuliskaT p@advetiveatiees $&h iwangoadbuya o TR narld witnerein: thieetdibst vl ugdnatsen cavity (41)
formed thereini;nand the barrier is sealed over the cavity. 11. A method producing well fluid from a subsea
well throughcg WRilREAd assembly having a tubing hanger (17) with an axial passage (19), the axial
passage having a laterally extending outlet (21) located between upper and lower ends of the axial
passage, firatdpiogsbangi Clipkeed 2aiHsthebdrevidirissage above the outlet, defining a trapped fluid
space (43) between the plugs, the method characterized by: (a) providing the first plug (23) with a

movable barfigr (45 aQuNisshs eatnabriadbs dirs telbiaiin definerasealed void (46), the barrier being
exposed to liquid in the trapped fluid space; (b) flowing well fluid up through the tubing hanger and out

th tlet, th Il fluid
& outiel %gvf?rst bjllug has a cavity (41) formed therein; and

the barrier is sealed over the cavity.

11. A method producing well fluid from a subsea well through a wellhead assembly
having a tubing hanger (17) with an axial passage (19), the axial passage having a
laterally extending outlet (21) located between upper and lower ends of the axial passage,
first and second plugs (23, 25) located in the passage above the outlet, defining a trapped
fluid space (43) between the plugs, the method characterized by:

(a) providing the first plug (23) with a movable barrier (45) mounted sealingly to the first
plug to define a sealed void (46), the barrier being exposed to liquid in the trapped fluid

space;

(b) flowing well fluid up through the tubing hanger and out the outlet, the well fluid

causing the liquid in the trapped fluid space to increase in temperature; and

(c) moving the barrier inward to decrease a volume of the sealed void in response to the

increase in temperature, thereby increasing a volume of the trapped fluid cavity.
12. The method according to claim 11, further comprising:

after steps (b) and (c), ceasing to flow well fluid, which causes the temperature of the

fluid in the trapped fluid space to decrease in temperature; and

10



causing the liquid in the trapped fluid space to increase in temperature; and (c) moving the barrier inward
to decrease a volume of the sealed void in response to the increase in temperature, thereby increasing a
volume of the trapped fluid cavity. 12. The method according to claim 11, further comprising: after steps

(b) and (c), ceasing to flow well fluid, which causes the temperature of the fluid in the trapped fluid space

to decrease iRdamPeatHei st Qv NGiBsO B oRyhE T He Beleaspidenvriypeseitmheealed void

in response to the decrease in temRerature, thereby decreasing a volume of the trapped fluid cavity. 13.
The method SREERRY Wﬁfﬂ%iW@P&iﬁ%ﬁ@ﬁ?ﬁ?%mé‘m%?%g%ﬁ%lHﬁ%cé\é'é)(ed void with a
compressible fluid. 14. The method according to claim 11, wherein step (a) further comprises filling the
sealed void With a ddvapnetimibledioidiatao elavattl] priessinetepdppiontsy enappisessillengttten lowering
the first plugegrgsm a Slérfaﬁ vessel intcﬁhilturaing hanger. 15. The method according to claim 11, wherein
step (a) comprise MWK @%ﬁS”ﬂP&*ﬁ uS rOM a surface vessel into the tubing hanger and preventing the
barrier from moving inward in response to an increase in hydrostatic pressure as the first plug is being
lowered. 11 14. The method according to clam 11, wherein step (a) further comprises filling the

sealed void with a compressible fluid at an elevated pressure over atmospheric pressure,

then lowering the first plug from a surface vessel into the tubing hanger.

15.  The method according to claim 11, wherein step (a) comprises lowering the first
plug from a surface vessel into the tubing hanger and preventing the barrier from moving
inward in response to an increase in hydrostatic pressure as the first plug is being

lowered.
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