Hydrodynamic Journal Bearing Flow Control Bushing for a Rotating Control Device
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This application claims priority to U.S.
Patent Application Serial No. 61/579,134, titled Hydrodynamic Journal Bearing Flow Control Bushing
for a Rotating Control Device, which was filed December 22, 2011. This priority application is hereby
incorporatedtydetatgnasmicitoartinelyBetrine drisenCappticslBu stoittge foxtenRuvt titig not
inconsistent with the present application. BACKGROUND [0002]This disclosure relates generally to
methods and apparatus for controlling wellpQigeRrassisgciiring drilling processes. More specifically,
this disclosure relates to rotating control devices for use in hydrocarbon recovery operations that can

withstand high wellbore PFERS éeﬁg\flﬁ 'ﬁ%ﬁ?\all Q gw a rotating tubular.
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zsr;;[:losure relates to rotating control
devices for use in hydrocarbon recovery operations that can withstand high wellbore pressures
while maintaining sealed engagement with a rotating tubular.

- [0003] Rotating control devices generally include an annular sealing member that is
supported within a rotating inner body and a stationary outer body. Hydraulic pressure is
applied to the annular sealing member to effectuate a seal against a wellbore tubular that is
disposed within the rotating control device. The sealing member and the inner body, which is
rotatably supported on bearings coupled to the outer body, rotate with the wellbore tubular. In
this manner, rotating control devices allow for elevated wellbore pressure to be maintained
while the wellbore tubular is rotated, enabling activities such as underbalanced drilling.

[0004]  Under their normal operating conditions, rotating control devices are often subjected
to high pressure and rotational speeds during operation. Therefore, the rotating components
and the bearings that support the components have to be designed to handle these loads. As
components begin to wear or are damaged, operation of the rotating control device will be
effected and drilling operations will eventually have to be suspended to allow for maintenance
or replacement of worn components.

[0005] Thus, there is a continuing need in the art for rotating control devices that overcome

these and other limitations of the prior art.

BRIEF SUMMARY OF THE DISCLOSURE
[0006] In certain embodiments, a rotating control device comprises an outer housing having a

bore for receiving a tubular member. An inner housing and a piston assembly are rotatably
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BRIEF SUMMARY OF THE DISCLOSURE [0006] In certain embodiments, a rotating control device
comprises an outer housing having a bore for receiving a tubular member. An inner housing and a
piston assembly are rotatably disposed within the outer housing. An annular sealing assembly is
disposed between the piston assembly and the inner housing so that axial movement of the piston

assembiiisprovd sviidmatruiates dalinipasderabhpiatecsbalirg wnidy ensdesponddbeie ¢andrdivisiomg and
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the presgkdissiopug RIeInGa Ml AR tegdedo-harcaamanng diauings.0gagloure 1 s a

partial sectional vie otating c ice. [0009]Figure 2 is a sectional view of a portion of the

rotating Aohteel cevidalsf Higahty 0oT0lE iflad Blrodypanisliseatidhaieiematic view of a portion of
the rotating control device of Figure 1. DETAILED DESCRIPTION :

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a more detailed description of the embodiments of the present disclosure,
reference will now be made to the accompanying drawings.
{0008] Figure 1 is a partial sectional view of a rotating control device.
[0009] Figure 2 is a sectional view of a portion of the rotating control device of Figure 1.
[0010] Figure 3 is a partial sectional schematié view of a portion of the rotating control
device of Figure 1.

DETAILED DESCRIPTION

[0011] It is to be understood that the following disclosure describes several exemplary
embodiments for implementing different features, structures, or functions of the invention.
Exemplary embodiments of components, arrangements, and configurations are described below
to simplify the present disclosure; however, these exemplary embodiments are provided merely
as examples and are not intended to limit the scope of the invention. Additionally, the present
disclosure may repeat reference numerals and/or letters in the various exemplary embodiments
and across the Figures provided herein. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between the various exemplary embodiments
and/or configurations discussed in the various Figures. Moreover, the formation of a first
feature over or on a second feature in the description that follows may include embodiments in
which the first and second features are formed in direct contact, and may also include
embodiments in which additional features may be formed interposing the first and second
features, such that the first and second features may not be in direct contact. Finally, the
exemplary embodiments presented below may be combined in any combination of ways, L.e.,
any element from one exemplary embodiment may be used in any other exemplary embodiment,
without departing from the scope of the disclosure.

[0012] Additionally, certain terms are used throughout the following description and claims fo
refer to particular components. As one skilled 1n the art will appreciate, various entities may

refer to the same component by different names, and as such, the naming convention for the
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[0011]lt is to be understood that the following disclosure describes several exemplary embodiments for
implementing different features, structures, or functions of the invention. Exemplary embodiments of
components, arrangements, and configurations are described below to simplify the present disclosure;
however, these exemplary embodiments are provided merely as examples and are not intended to
limit the getpetofddserinedhtionn Additionahyethe pregdht disglesuirmany repagtudfesertberwismerals

and/or | in.ghe vari p [ s and across the Figures provided herein. This
repetitio%?%%&tﬁe %%ﬁg%%i%gf%{pnp icﬁ?eg?%%lg%ﬁg%é}) %’c\){gg%)& i?\s?fgé%rgllgta%ngltré?g %gr?gh%% between
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embodir%%%grﬁivéh%&gt%geﬁérﬁ;f%gl %ecz%ﬁ%’fglaet%%égar% ?%lr@ﬁ%% in’ iréﬁm&)gr?%ggt, an Sr%%ﬁna%o include
embodimpensciniedhisthiadditiorthifesdiorksbaayeber fmdie dniede rjosindjibebfitsicichsedand fadtures,

such thaj e firsf apdseqend ealuiEs manothe 0. dreet ea0ah B A0S SEmpliie.
embodiments presented below may be combined in any combination of ways, I.e., any elemant from
one exeﬁppia?ﬁy@mIstaéﬁdqeﬂMm@iwws@dim%ﬁmenmﬁsmmm,dthmmng from
the scong,glhe disslosursalOiRIAdionalt sarandermeats Hsecbreughoythe fpllowing
description and claims to refer t& particular components. As ore skiffed in the art wi appreglate,
various éntitiesrorsy referstostbisdheeckbomponmetificdiffordm framder andrasidethy tneamapaig

conventi : Ci rei ot Jr imit the scope of the invention, unless
otherwis%%%%%%é%%%gﬁ%é #}gglglﬂ%he‘?%eﬁ nggnr%? rﬁ%%%%é%%% Sggg%%r‘é\}}r{hls%tl) a|Sr(-§t%if}leded to
distinguishbeaddy| uolrsarteengitsatgiffes yrspemtiedbenqot. furmtidwe. phduitional §hisrappé datiiowing
discussign, :Eg}gliq_gmﬁ%imﬁgmgmﬁt'g%%m';igirﬁg‘"comprising" are used in an open-ended

fashion, and thus should be interpreted to mean "including, but not limited to." All numerical values in
this discl88lik mBytbeiegaeiticH appioguraie vaitangriedsod hensistOspebificallyistabecinackordingly,

various @éaﬁﬁggg%giﬁﬁf@% lasie iR Ue AT RSN AE S 3 fanggs fleciosed

herein withou rting fro e inten scope. Furthermore, as it is used in
specificaionstthe waahnpesssiribhéfe dntthe bervbass ot exohgsgerant it usivel Salsesibudar."A or B"

' intendggdp-RecyianyRaus Wilirbleastong ahARRY RudAlees QRRANSS SXPiGRRLY shitTied

herein. For the"purposes of this application, the term "real-time™means without significant delay.
[0013]|R &gy wsitial At tenRigpper boavomlin gashitewi rdovidentlengho fon seitir¢h enpageeend daling

assemb'aoﬁéegasyapaoﬁh?sﬁ]@grA%ﬁ&;&qaf%vs@idefbgga}@féﬁga 8. {Ig%%%%;gﬁéi%%r%%ﬁ he

sealing assembly 46 in the closed position for engagement with an ol ar. Rotating control
device 1D4inoiides wpsratibpripodter fegbingdl of Wisictehnaptyelforsingl Fomiowdnfoasiianasd and

upper hQusing 46 a6k haying, maing, flandes farRaeured #ROagSMeR! Rucanyantionalpqlis,18. A

static seal 19 provides sealed engagement between the lower housing 14 and the upper housing 16.
Each enepsr ehBosdtivHer awsimgnt2 can include a planar surface 13 with a groove 15 and threaded

noles 17dhahfacitipie aralar spararmaniib.cpoyrnigna' likeld euiament {0kl g stationary

housing 12 defines a cylindrical bore 32 through the rotating control device 10, which determines the
maximudtsige bf.ttehiablatcrnies iy bexisen wide &b ardculbwlas sdivblyy. Fhassdpeithrid lower

inner cyaeieahyRlerid 270 Seiafihecansina.deitie datrime i aminkdiRmeleh aldhe rotating

control ce 10. The stationary housing 12 thus may défine a vertical centerline 36 which Is coaxial
with the beritenisetempiee tiisuRepassidimreudgh the rotating eonndl dexiise 0. [Oba 5henpttating
control dgyics 1 PInfidasAdHARDIGBAr HANSING 38 WIHER 1S L0131aPWith the centerfine of the

tubular passing through the rotating control device 10.

[0015] The rotating control device 10 includes a rotatable inner housing 38 which is rotatably

guided by a thrust bearing 40 that is in engagement with the stationary housing 12 and the

rotatable inner housing 38. An inner housing sleeve 44 is coupled to the rotatable inner

housing 38 and has an inner diameter that is substantially equal to the diameter of cylindrical

wall 34 of the stationary housing 12. The rotatable inner housing 38 includes a spherical

surface 42 having a center on or substantially adjacent the centerline 36.



guided by a thrust bearing 40 that is in engagement with the stationary housing 12 and the rotatable
inner housing 38. An inner housing sleeve 44 is coupled to the rotatable inner housing 38 and has an
inner diameter that is substantially equal to the diameter of cylindrical wall 34 of the stationary housing
12. The rotatable inner housing 38 includes a spherical surface 42 having a center on or substantially

adjacentifEsbente m@se@iﬂgasﬁ&?@hm& @éﬁﬁﬁ@%%ﬁhﬁ)ﬁhﬁﬁ%@@ﬂ detEichisithe Yotathble inner
housing 38, ;a0d &2 IRFHAS SeRivtaiiebeiaymiercatallvarranger:matal cIemans Ay araonular

elastomerie sealing elemerit 52, and an outer'annular sealing element 54. Each of the metal elements

48 has awdmnedanesr SUrfaceB Oyt shaitlgr sagauestrarmnith- thedinfidmyreoaligareanspi¥disal surface
42 on the ORGLNAURING, AN AS SlRstMElC.Alement 2 ARV Ies o sRYIagAIgAGeRRk D the

tubular, while the outer annular elastomeriC element 54 provides sealing engagément between the

metal elewnes 48 andhhelnotatdisesinger Haasiay %smmﬁn@mirﬁé avnAtidreieoicecabiieciudes
an axially,movanle Nsten, 2 G.AL!S FRASHHCLARLI O A0 WGk HIRAMETUARLP 543RJNARE Hgrgember

58, and an upper collar 59 interconnecting the ring members 57 and 58. For manufacturing purposes,
the coIIa@%mf@hb@@M?éﬁ ﬂmmwémsmmﬁmtf&mwaébéw&bmmeﬁ, which may be
interconpeatad wigh, the,ianer ERgIeIRALSE Py IR IANAkeAR SHEWSIE LA Giate seal 59 seals
between the outer ring member 57 and the upper collar 59. A lower rotary seal 98 seals between the
inner ringenrémtied 58 qh@ﬂdw@rln@mﬁm5174.amnapb@ﬂgup§mbm95§gﬁa@%ymnﬁéibﬁsﬁﬂ) 56
contacts; fhe JOWeL S Resins ALMEMSRLACREHS 48NN M, BYIRL MAVEMENs L ihgHRIston 56

causes corresponding axial and radial movement of the annular sealing assembly 46, thereby

controllingteiaeivieg end bpesihg sl ansofraseetrgasderivhadentermuertcDeiBhyhien the
sealing ggsempl 46,5 LPRIPY B RLAGI ANGRARRRRYIthatihulan the Riglon.R&.anth the.adapter

ring 64 are also Totating members. The adapter ring is supported with respect to-the outer housing 12

by a lowen®axsmepy 8 Tasit dhcuppy seBAngP84A AdBweiotny sbfthedishsiPssndhsravigetngith an
elastomeric, 5eal 42 1pf s62/1De &NgaeS ﬁ‘k.Wisbrfa_H;if;_@ﬁmﬁJ{Bﬁ%@4sﬁf£l&8dsﬁ’%%%ﬂ@%&’oﬁ‘"%Ugh the

adapter ring 64 provides continuous fluid communication between a chamber 68 and an annular gap

betweenctsaggaBecionisy Buiaer thoiche sl silsg eats AotHeicerditaliend danap vorent o Brckup
e'astomgﬁgqo%ﬁﬁé ‘hprovide-sealingendaoementibeiiveen an YPRR! £Rdiaf leiadarieninwue4 and the

piston 56. Upper and lower wear bands 74 may be provided to centralize the piston 56 within the

adapter MsEeby carferibnaithietiesisraing mense WHEn weubisssalishisveabixitigreladvdato the adapter
ring. [001Qh Vheryglasing RagianilanSeR1Ing RSRRMAY #B:fiessuiasehilid wasseathigugahefuid input

port 26 and passageway 88 into the closing chamber 90 between the outer and inner ring members

57, 58 aRistHBREARIppadutfarng O teadietsiabe e mssissstiie adamer rorgtingresntre] gélice 10 is
preferablyanigligd Aaté%aaaﬁdg 10 $NSRAVIHIL RIRS S 6l m%ﬁ&u herenEydranligfuidpressure
e

supplied to the rotating control device 10 may be maintained in the range of from about 200 psi to
2000 psidibaistamOienpuid stadty e, (ooo)as sprdvia B kg amesn drehanpdadarized fluid
flows unglgg tha lower ang opihe eﬁﬂ&%ﬁ%ﬁ@f%ﬂé\éﬁ%@ﬂ@ﬂg gibvihen eniheRRNYagap

between the adapter ring 64 and the [ower housing 14. Pressurized fluid continues to flow past the

bearing SANHBREEIRRT D AtehPH S gntha By eMmmstRetsihg sheirurag fhardtiface of

the upp%{%ey%%% The sgaldd0.144AneE2REPvidesealadhangrarmentheugentheRirien 56 and
the adapter ring 64. Elastomeric seal 86 provides sealed engagement between the adapter ring 64

and the FFAERRELSIAETEE! oo epnrassnnseeninl hradmicmeadape fopitior ohdHEPHe s rust
bearing 4Q,p wedesdpaiiicaie gk eaaking baarings (hy giauicBuig s coRtadaly siglatesithrough

the rotating control device 10. In order to generate the pressure needed to move the piston 56 and

actuate t9e BRI Siinn §isieambRR4be e prasaaysd driallyichive oo adapisB8iction formed
betweenpgaedlowibyshingsildrodHansenhgusinasloene gisdhesealcppiidaentadheniorces the

fluid into the fluid output port 27. The restriction formed by the flow bushing 114 and the inner housing

sleeve 41pvéRAEEHHhpkAEsERE Ko theotasingabrimhialilib grea e invds sty RRsRBEr 90.
[0022] Refaiags mowd9 Hawendadloy Risting Shdanssaalsaswidgsuld 6atefispagedhgiween the

rotating inner housing sleeve 44 and the stationary outer housing 12. The inner housing sleeve 44 has

an outer AR EsviIRal R i§Rfstsrdhareritdrd iR THmenifdmetarss N ISR Bas MG TA LR tRat a gap
118 is fopyashPeiWREN tREGRIAGHERES 1T R Sealka tifER 1146 166 V0 eSSt alcsaAlsiH0i AR UPper

rotary seals 128 that force hydraulic fluid to flow through flow passageways 130 or 132 to fluid output
port 27. EaB&F Sh&omy abey A4bnsidy P Hmshsritca i thinet o6 Bsad ol the division of flow through
the passageways. The flow through flow passageway 130 is primarily made up of flow that passes
through the gap 118. [0023]As previously discusseg, the flow bushing 114 and seal cartridge 116
provide a



restriction to the flow of hydraulic fluid as it moves past the inner housing sleeve 44 and into fluid
output port 27. The primary flow path for hydraulic fluid into fluid output port 27 is through gap 118
between the inner housing sleeve 44 and the flow bushing 114. Variations in gap 118 due to
manufacturing tolerances or dynamic movement of the components can lead to fluctuations in the

pressu ré‘l_@é%lop%‘dsbwmé)ﬂdw reStristort dingitohtacesserived e foverinslasithg Steisvensiodind the
flow bus{?fé‘gd%%%r GRpRELRCRSNBE AT PENERIS.E AR GRM I AN BAS, OLEXCERENE MGG AN the

components while pressure fluCtuations can have a negative impact on-the performance of the rotating

control dadicéel GoYeo Iujusingrdér toPovstative thedecisdinass ahyiliredyasinihe jbernazbebriigncan be
generated between the.iongs oysing ?A@ﬁméﬁﬁé}%@giﬁg% PYsRINg Hd: Qe ioRIeie.A S

hydrodynamic journal bearing, a viscous lubricant is supplied to the gap between a rotating journal that
is epcenhfr@aﬂggﬁlécadmﬂqlﬁ_’a)béhﬁn@ %&ﬁa&@q@%%ma@ﬂeﬂ et epetestie Yorwheontrol
device 10ys6rves,a5,theuiiicAnt Qg 96 MOMRJRLSBiNG SAUAGS 27 LR disPRRedifRLARD fe outer
housing 12 and the flow bushing 114 so as to urge the flow bushing into an eccentric position relative
to the inAed Hsushvg kosaig 44. [0025]As schematically shown in Figure 3, the bushing springs 122 are
arrangegip feaig ALONUERIRASRADAYERHEG tSrIRMIAgG sleeys 4banhihe lawdughing 114.

As the fluid pressure of the hydraulic fluid forces fluid into the gap 118, the rotational motion of the

inner hotsslabrisateetadieabtheebtiawn budnidguliv fhidd shyravansia user date e dheovsle i Ffetin®a. The
hydrauli fliidig £emaRressed.aihg i riatdodormabydiodynamiginunalpsariag that

separates the inner housing sleeve 44 from the flow bushing 114. [0026]In certain embodiments, the

outer sutb§cEpRrifieshigHag Betiidysievbaarersriped Bk dvire Balbiust ansthertisortamard bearing
materialy lpcoRtastaiig inerhsuracsaf dheiflow Rushingstdd may berhardenad iales's wegr- The

bushing springs 122 may be compression-springs constructed from metal, elastoméric material, or

other maeeprashenfiwidrinie dhepdaifrnt terbishihbesisrigsianp formsd thy el i uphingd tHat allow
for the spring forcef@ARineiRledQRZ AV Ihg AisCiRsHEedsiISUSaeRIRIe Ho VAU -GaFlifications

and alternative fonns, specific embodiments thereof are shown by way of example in the drawings and
descriptigrelpsstothameylierstood, however, that the drawings and detailed description thereto are
not intengeshto lirgitithe, disclpsiy erigdhe Datticuiaisiany disclosed. RUtonidhe GoRtA i dagention is
to cover all modifications, equivalents and alternatives falling within the spirit and scope of the present
disclosubstween the rotating inner housing sleeve 44 and the stationary outer housing 12. The inner

housing sleeve 44 has an outer diameter that is slightly smaller than the inner diameter of the
flow bushing 114 so that a gap 118 is formed between the components. The seal cartridge 116
includes static seals 126 and upper rotary seals 128 that force hydraulic fluid to flow through
flow passageways 130 or 132 to fluid output port 27. Flow passageway 132 may be fitted with
an orifice 120 to control the division of flow through the passageways. The flow through flow
passageway 130 is primarily made up of flow that passes through the gap 118.

[0023] As previously discussed, the flow bushing 114 and seal cartridge 116 provide a
restriction to the flow of hydraulic fluid as it moves past the inner housing sleeve 44 and into
floid output port 27. The primary flow path for hydraulic fluid into fluid output port 27 is
through gap 118 between the inner housing sleeve 44 and the flow bushing 114. Variations in
gap 118 due to manufacturing tolerances or dynamic movement of the components can lead to
fluctuations in the pressure developed by the flow restriction and contact between the inner
housing sleeve 44 and the flow bushing 114. Contact between the components can lead to
damage or excessive wear on the components while pressure fluctuations can have a negative
impact on the performance of the rotating control device 10.

[0024] In order to overcome these issues, a hydrodynamic journal bearing can be generated
between the inner housing sleeve 44 and the flow bushing 114. In order to create a
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What is claimed is: 1. A rotating control device comprising: an outer housing defining a bore therein
~for receiving a tubular member; an inner housing rotatably disposed within the outer housing; a piston
assembly rotatably disposed within the outer housing; an annular sealing assembly disposed
between the piston assembly and the inner housing, wherein axial movement of the piston assembly

moves thedsphialanse g Ssanitly intdseedli HPepydde marmliptrarbarier bRvsHy ardaiEtubular
member, and; tha@i@'é’é@éﬁﬁi@&l‘?ﬁ?f&%gé dispased eiuesniie infgr hRising %@dt%toédﬁéfa&%usm@

wherein at least one of the plurality of bearings is a hydrodynamic journal bearing. 2. The rotating

control dbiteasingfientoldssiednt thecrrsras Vi iricmtn al Be aTg IsefbHsaeEREn 144 MRer
hOUSingﬁ?%!@d@@&%%&%@'&&épmm@% hpusRoRchastiovs hyshingthatis.caurlisd in.dhe puter

housing. 3. The rotating control device of claim 2, further comprising a bushing spring disposed
betweeriifeap FRachBifshg G ehEife e Busingy haustresteeatirid-control device of any preceding

C'aim,_vvte)%ﬁ%y an outaESuHaas, Qg i RPeIdicvsingSipey® Seaaid witha sofhpatal bearing
material. 5. The rotating control device of claim 2 or 3, wherein an inner surface of the flow bushing is
hardenegpnvergence 124 between the inner housing sleeve 44 and the flow bushing 114. As the fluid
pressure of the hydraulic fluid forces fluid into the gap 118, the rotational motion of the inner
housing 44 relative to the flow bushing 114 pulls hydraslic fluid into the convergence 124. The
hydraulic fluid is compressed in the convergence 124 to form a hydrodynamic journal bearing
that separates the inner housing sleeve 44 from the flow bushing 114.
[0026] In certain embodiments, the outer surface of the inner housing sleeve 44 may be
coated with Babbitt or anoiher soft metal bearing material. In contrast, the inner surface of the
flow bushing 114 may be hardened to resist wear. The bushing springs 122 may be
compression springs constructed from metal, elastomeric material, or other materials. In
certain embodiments, the bushing springs 122 may be hydraulic springs that allow for the
spring force to be controlled.
[0027] While the disclosure is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and description. It
should be understood, however, that the drawings and detailed description thereto are not
intended to limit the disclosure to the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and alternatives falling within the spirit and

scope of the present disclosure.



6. The rotating control device of any preceding claim, further comprising a fluid input port and a fluid
output port disposed through the outer housing and in fluid communication with each other and with
the hydrodynamic journal bearing. 7. The rotating control device of any preceding claim, further
comprising a closing chamber defined by the piston and the outer housing, wherein the closing
chambeWahifiglgiewmitunication with the hydrodynamic journal bearing. 8. A rotating control device

comprising: angq{ﬁ&ﬂ%ﬁg&g@@ig@&ﬁg{gﬂgrein for receiving a tubular member; 7 an inner

housing rotatably disposed within the outer housing; an annular sealing assembly supported within
the inner housifl ot daieinenigigtwmehowitharentiburaciismpérbular embeable piston axially

movable Withina%‘?nﬂ&%@&i@%t%ﬂ?Eﬁ%@cﬁé@h@ﬁﬁqw&ﬁ@f thesn ’table piston causes radially

inward movement of the annular sealing assembly; and a plurality of bearings disposed between
the inner housiAdisivd gsecoiarntstEtiodimnesediiv dhie Ak onediarengiurality of bearings is a
hydrodynamic jgural ganng:, 9. LG AQARG,GanraLbAruce Rl qlaum, 8, WaGHHN fhe hydradypamic
journal bearing is foilled between an inner housing sleeve that is coupled to the inner housing and a
flow bush@ging, wherein axial movement of the piston assembly moves the annular sealing assembly
into sealing engagement with the inner housing and the tubular member; and
a plurality of bearings disposed between the inner housing and the outer housing,

wherein at least one of the plurality of bearings is a hydrodynamic journal bearing.

2. The rotating control device of claim 1, wherein the hydrodynamic journal bearing is
formed between an inner housing sleeve that is coupled to the inner housing and a flow bushing

that is coupled to the outer housing.

3. The rotating control device of claim 2, further comprising a bushing spring disposed

between the outer housing and the flow bushing.

4. The rotating control device of any preceding claim, wherein an outer surface of the

inner housing sleeve is coated with a soft metal bearing material.

5. The rotating control device of claim 2 or 3, wherein an inner surface of the flow
bushing is hardened.
6. The rotating control device of any preceding claim, further comprising a fluid input port

and a fluid output port disposed through the outer housing and in fluid communication with

each other and with the hydrodynamic journal bearing.

7. The rotating control device of any preceding claim, further comprising a closing
chamber defined by the piston and the outer housing, wherein the closing chamber is in fluid

communication with the hydrodynamic journal bearing.

8. A rotating control device comprising:
an outer housing defining a bore therein for receiving a tubular member;
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that is coupled to the outer housing. 10. The rotating control device of claim 9, further comprising a
bushing spring disposed between the outer housing and the flow bushing. 11. The rotating control
device of claim 8, 9 or 10, wherein an outer surface of the inner housing sleeve is coated with a soft
metal bearing material. 12. The rotating control device of claim 9 or 10, wherein an inner surface of
the flow bushirgpigtherrensine ro81tatE dispaing Tohirolhgevitas beesiyeone of claims 8 to 12, further
comprising a fiyilaputpork aneaalic euiBubRost dhanrsad ieual e auihey g anddn fuid
communication with each other and with the hydrodynamic journal bearing. 14. The rotating control
device otvvihyhsrisbwlaizimeteto 13, further comprising a closing chamber defined by the piston and
the outer housing, whereln e Hleaing.cRapbekis N heamaunisainn-with the Rydiadynapmic

journal bearing. 15. A method for operating a rotating control device comprising: disposing an
inner hothsinejatapisror aseamisiyadinlyanvend mer sein g ldbsamblavieainaassermdl Yicwsing, wherein

the inner housing, BSIAY APSEIARNG ANGHNE ARRHIAL T eAING, ASSATRIY A6 SURRCSIRE. Dog:plprality of

bearings disposed between the inner housing and the outer housing that allow the inner housing,
piston asdundihataenstnecarinbiarvesdity g idwseingsyste Bydmdraaniativerteltheavoter housing, and
wherein at least one of the plurality of bearings is a hydrodynamic journal bearing; and providing a

" pressurized fluid to the hydrodynamic journal bearing.
9. The rotating control device of claim 8, wherein the hydrodynamic journal bearing is

formed between an inner housing sleeve that is coupled to the inner housing and a flow bushing

that is coupled to the outer housing.

10.  The rotating control device of claim 9, further comprising a bushing spring disposed

between the outer housing and the flow bushing.

11. The rotating control device of claim 8, 9 or 10, wherein an outer surface of the inner

housing sleeve is coated with a soft metal bearing material.

12. The rotating control device of claim 9 or 10, wherein an inner surface of the flow
bushing is hardened.
13.  The rotating control device of any one of claims & to 12, farther comprising a fluid

input port and a fluid output port disposed through the outer housing and in fluid

communication with each other and with the hydrodynamic journal bearing.

14.  The rotating control device of any one of claims 8 to 13, further comprising a closing
chamber defined by the piston and the outer housing, wherein the closing chamber is in fluid

communication with the hydrodynamic journal bearing.

15. A method for operating a rotating control device comprising:

disposing an inner housing, a piston assembly, and an annular sealing assembly within
an outer housing, wherein the inner housing, piston assembly, and the annular sealing assembly
are supported by a plurality of bearings disposed between the inner housing and the outer
housing that allow the inner housing, piston assembly, and the annular sealing assembly to

8



16. The method of claim 15, further comprising providing a pressurized fluid to a closing chamber
defined by the piston and the outer housing so as to move the piston axially relative to the outer
housing. 17. The method of claim 16 wherein the closing chamber is in fluid communication with the
hydrodynamic journal bearing. 18. The method of any one of claims 15 to 17, wherein the

hydrodyrasticibiiiralodegingtis fsnsedbadvedraiinheponrme sheeplumtiyischemiagstis the inner

housing}g@goaﬁ@ﬁ/nlglﬁg}ﬁg g@}@gcgﬂ@led to the outer housing. 19. The method of claim 18, further
comprising a bushing spring disposed between the outer housing and the flow bushing. 20. The

method of clairfra8idng 9, mgsevsircd A odtor Baixdwdraainrarhdisitgsleeve is coated with a soft
metal bearing material and an inner surface of the flow bushing is hardened.

16.  The method of claim 15, further comprising providing a pressurized fluid to a closing
- chamber defined by the piston and the outer housing so as to move the piston axially relative to

the outer housing.

17. The method of claim 16 wherein the closing chamber 1s in fluid communication with

the hydrodynamic journal bearing.

18. The method of any one of claims 15 to 17, wherein the hydrodynamic journal bearing is
formed between an inner housing sleeve that is coupled to the inner housing and a flow bushing

that is coupled to the outer housing.

19. The method of claim 18, further comprising a bushing spring disposed between the

outer housing and the flow bushing.

20.  The method of claim 18 or 19, wherein an outer surface of the inner housing sleeve is

coated with a soft metal bearing material and an inner surface of the flow bushing is hardened.



