METHOD AND APPARATUS FOR LUBRI CATI NG A THRUST BEARI NG FOR A ROTATI NG

MACHI NE USI NG PUMPAGE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
appl i cat iwo 20loaiomsepri ority to U S. Provisional Applicarcomnshiowosdbsis50, 342
filed February 6, 2009, and, U. S. Uility Application No. 12/697,549 filed
February 1, 2010. The di sclosures of the above applications are
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various conditions. During normal operating conditions, lubrication my be
rel ati vel yel8&9§e. However, under various transient conditions, such as
start-up conditions, shutdown conditions and during upset conditions, such
as passage of air through the machine, lubrication may be | ost and

t her eflore damage may occur to t h@ECHNICAREEII®. Air entrai nment or debris
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fluid machine suitable for normal operation but useful also in start-up, shut down and
upset conditions.
15
BACKGROUND
[0003] The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.
[0004] Rotating fluid machines are used in many applications for many
20  processes. Lubrication for a rotating fluid machine is important. Various types of fluid
machines use a thrust bearing that is lubricated by the pumpage. Adequate flow of
pumpage should be supplied to obtain proper lubrication. Fluid machines are used under
various conditions. During normal operating conditions, lubrication may be relatively
easy. However, under various transient conditions, such as start-up conditions, shut-
25 down conditions and during upset conditions, such as passage of air through the
machine, lubrication may be lost and therefore damage may occur to the fluid machine.
Air entrainment or debris within the pumpage may cause upset conditions.
[0005] Referring now to FIG. 1, a hydraulic pressure booster (HPB) 10 is one
type of fluid machine. The hydraulic pressure booster 10 is part of an overall processing
30  system 12 that also includes a process chamber 14. Hydraulic pressure boosters may
include a pump portion 16 and a turbine portion 18. A common shaft 20 extends
between the pump portion 16 and the turbine portion 18. The HPB 10 may be free-

running which means that it is solely energized by the turbine and will run at any speed



system 12 that also includes a process chanber 14. Hydraulic pressure
boosters may include a punp portion 16 and a turbine portion 18. A common
shaft 20 weterd®iiet ween t he punp portion 16 and the turbirns2@oneisen 18.
The HPB 10 may be freerunning which nmeans that it is solely energized by
the turbine and will run at any speedwhere the equilibriumexists between a
turbine output torque and the punp input torque. The rotor or shaft 20 may
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15  within a turbine impeller chamber 41. The turbine impeller 40 is rotatably coupled to the
shaft 20. The pump impeller 22, the shaft 20 and the turbine impeller 40 rotate together
to form a rotor 43. Fluid flow enters the turbine portion 18 through a turbine inlet 42
through the casing 26. Fluid flows out of the turbine portion 40 through a turbine outlet
44 also through the casing 26. The turbine inlet 42 receives high-pressure fluid and the
20  outlet 44 provides fluid at a pressure reduced by the turbine impeller 40.
[0010] The impeller 40 is enclosed by an impeller shroud. The impeller
shroud includes an inboard impeller shroud 46 and an outboard impeller shroud 48.
During operation the pump impeller 22, the shaft 20 and the turbine impeller 44 are
forced in the direction of the turbine portion 18. In Fig. 1, this is in the direction of the
25  axial arrow 50. The impeller shroud 48 is forced in the direction of a thrust-bearing 54.
[0011]  The thrust bearing 54 may be lubricated by pumpage fluid provided
from the pump inlet 30 to the thrust bearing 54 through an external tube 56. A gap or
layer of lubricating fluid may be disposed between the thrust bearing 54 and outboard
impeller shroud which is small and is thus represented by the line 55 therebetween. A
30  filter 58 may be provided within the tube to prevent debris from entering the thrust
bearing 54. At start-up, the pressure in the pump portion 56 is greater than the thrust
bearing and thus lubricating flow will be provided to the thrust bearing 54. During



forced in the direction of the turbine portion 18. In Fig. 1, this is in
the direction of the axial arrow 50. The inpeller shroud 48 is forced in
t he di recwODanioadi1@6t hr ust - beari ng 54. [001 1] The t hrust®PChaseéng2842 my be
| ubri cated by punpage fluid provided fromthe punp inlet 30 to the thrust
bearing 54 through an external tube 56. A gap or layer of lubricating fluid
may be di sposed between the thrust bearing 54 and outboard inpeller shroud
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through the pump portion 16 by an external feed pump upstream of the high pressure

booster 10 while the turbine portion 18 runs dry or nearly dry. Flow through the pump

impellers may generate a torque creating rotor rotation which may damage the thrust

bearing due to the lack of lubrication. Often times, the pressure in the turbine section is

20  much lower than the pump section and thus the lubrication may be insufficient until the
full rotor speed is obtained. Process equipment between the pump discharge and the
turbine inlet may occasionally introduce air into the turbine. This may occur when the
process chamber or system was not purged properly during startup. Consequently,
intermittent lubrication to the thrust bearing may be lost.

25 [0014]  Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and specific
examples are intended for purposes of illustration only and are not intended to limit the
scope of the present disclosure.

SUMMARY
30 [0015]  This section provides a general summary of the disclosure, and is not

a comprehensive disclosure of its full scope or all of its features.



bearing due to the lack of lubrication. Oten tinmes, the pressure in the
turbine section is nmuch |ower than the punp section and thus the
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Process equi pnent between the punp discharge and the turbine inlet may
occasionally introduce air into the turbine. This may occur when the
process chanber or system was not purged properly during startup.
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15  axial force in response to communicating fluid.
[0019] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this summary are
intended for purposes of illustration only and are not intended to limit the scope of the

present disclosure.

20
DRAWINGS
[0020] The drawings described herein are for illustration purposes only and
are not intended to limit the scope of the present disclosure in any way.
[0021] FIG. 1 is a cross-sectional view of a first turbocharger according to the
25  prior art.
[0022] FIG. 2 is a cross-sectional view of a second turbocharger according to
the prior art.
[0023] FIG. 3 is a cross-sectional view of a first fluid machine according to
the present disclosure.
30 [0024] FIG. 4 is an end view of an impeller of FIG 3.

[0025] FIG. 5 is a cross-sectional view of a second fluid machine according

to the present disclosure.



axial force in response to communicating fluid. [0019] Further areas of
applicability will becone apparent fromthe description provided herein.
The descrwptzomoasd speci fic exanples in this summary arPeTiust@ngexdet or
purposes of illustration only and are not intended to limt the scope of
the present disclosure. DRAW NGS [0020] The draw ngs described herein are
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according to the present disclosure.[0026] FIG 6 is a cross-sectional view
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di scl osure, a cross-sectional view of a fourth enbodi nent

of a turbi' ﬂ]@L@ Q(f}ﬂoenprﬁ%e@gfhﬁfslﬂﬂlr?'o the present disclosure. [0028] FIG 8 is

a cross-sectional view of an alternative enbodi nent of an inpeller of the
present disclosure. DETAILED DESCRI PTI O\I§[0029 The follow ng description
is merely exerrpl ary in nat ur e RRHATISERSIESGR B to limt the present
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same reference numbers will be used in the drawings to identify similar elements. As

used herein, the phrase at least one of A, B, and C should be construed to mean a logical

(A or B or C), using a non-exclusive logical or. It should be understood that steps within

a method may be executed in different order without altering the principles of the present
15  disclosure.

[0030] In the following description, a hydraulic pressure booster having a
turbine portion and pump portion is illustrated. However, the present disclosure applies
equally to other fluid machines. The present disclosure provides a way to deliver
pumpage to a thrust bearing over the operating range of the device. The rotor is used as

20  a means to conduct pumpage to a thrust bearing surface. A high pressure is provided to
the thrust bearing from startup through the shutdown process including any variable
conditions. Debris entering the turbine is also reduced.

[0031] Referring now to FIG. 3, a first embodiment of a high-pressure
booster 10" is illustrated. In this example, the common components from Fig. 3 are

25 provided with the same reference numerals are not described further. In this
embodiment, a hollow shaft 20" is used rather than the solid shaft illustrated in Figs. 1
and 2. The hollow shaft 20" has a shaft passage 70 that is used for passing pumpage from
the impeller chamber 23 of the pump portion 16 to the turbine portion 18. The passage
20 may provide pumpage from the pump inlet 30.

30 [0032] The inboard shroud 46' includes radial passages 72. The radial
passages 72 are fluidically coupled to the shaft passage 70. Although only two radial

passages 72 are illustrated, multiple radial passages may be provided.



used herein, the phrase at | east one of A, B, and C should be construed to
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15  fluid lubricates the space or gap 55 between the thrust bearing 54 and the outboard

impeller shroud 48'. The thrust bearing 54 generates an inboard axial force in response
to the lubricating fluid in the opposite direction of arrow 50.
[0035] The highest pressure in the pumpage occurs in the pump inlet 30
during startup. Passages downstream of the pump inlet are at lower pressure and thus
20 fluid from the pump portion 16 flows to the turbine portion 18. Consequently, pumpage
from the inlet is high during the startup. During shutdown of the equipment, the same
factors apply due to the differential and pressure between the pump and the turbine.
During normal operation, the highest pressure is no longer in the pump inlet but is at the
pump outlet 32. Due to the arrangement of the lubrication passages, the pressure
25  increases in the pumpage due to a pressure rise occurring in the radial passage 72 due to
a centrifugal force generated by the rotation of the turbine impeller 40'. The amount of
pressure generation is determined by the radial length of the radial passages 72 and the
rate of the rotor rotation. Consequently, pumpage is provided to the thrust bearing at the
startup, normal operation and shutdown of the fluid machine 10".
30 [0036] Referring now to FIG. 4, the impeller 40’ is illustrated having four
impeller vanes 76A-76D. Various numbers of vanes may be provided. The vanes

extend axially relative to the axis of the shaft 20'. More than one impeller vane may



out board inpeller shroud 48" and the thrust bearing 54 is small and thus is
represented by the line 55 in the Figure therebetween. The lubrication path
for the twousto/demsi ng 54 includes the shaft passage 70pPCThiS20106022962
passages 72 and the axial turbine inpeller passages 74. [0034] In
operation, at start-up pressure within the punp portion 16 is higher than

t he turbine portion 18. Fluid within the punp portion travels through the
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and shutdown of the fluid machine 10 [ 0036] Referring nowto FIG "4, the
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into the shaft passage 70.

[0039] The deflector 110 may be cone-shaped and have an apex 114 disposed
along the axis of the shaft 20". The cone shape of the deflector 110 will deflect debris in
the pumpage into the pump impeller 22 and thus prevent passage of debris into the shaft

20  passage 70. Unlike the filter 58 illustrated in Fig. 1, the debris is deflected away from
the shaft passage 70 and thus will not clog the shaft passage 70.

[0040] Referring now to FIG. 6, the turbine portion 18 is illustrated having
another embodiment of a thrust bearing 54'. The thrust bearing 54' may include an outer
land 210 and an inner land 212. A fluid cavity 214 is disposed between the outer land

25 210, the inner land 212 and the outer shroud 48'. It should be noted that the thrust-
bearing 54' of Fig. 6 may be included in the embodiments illustrated in Figs. 3 and 5.

[0041] The outer land 210 is disposed adjacent to the annular clearance 60.
The inner land 212 is disposed adjacent to the turbine outlet 44. The thrust bearing 54
may be annular in shape and thus the outer land 210 and inner land 212 may also be

30  annular in shape.



i nboard inpeller shroud 46" sufficient to intercept radial passage 72 and
the outboard inpeller shroud 48 which are illustrated in Fig. 3. [0037] It
shoul d bewoavsd9iisat t he process chanber 14 is suitabl ePCOMUSI@0I022962 t ypes
of processes including a reverse osnobsis system For a reverse osnopsis
system the process chanber may have a nenbrane 90 di sposed therein. A
perneate output 92 may be provided within the process chanber for

desal i ni zed fl uj f [ j - r t e
et A2 O e I e e T B B e
may be pr o diestrited idiFidseBentd §.y fdmt o, pompogs sey benccaded ghmoaghuitied shgdis
processi ng and t7§e Iiag]e. 0038],. Ref e%ri ng now to_FI G 5, an enbodi nent
simlar t@HSE Sriheragial pagsagss 1208 2HalRSsaEs {hus provi ded the sanme
reference nunPr[Ob%lr' nSti M exBIMBRALARAL of thed@htt@0tiRthelaAcha R{pRMEARd M t hi N
the punp inlet 30. The deflector 110 may be coupled to the punp inpeller 22
usi ng $t r ds miay2cauFheagattanssinlthe axial desirahce h20dedtiveert dre fands wayanflr dlA t he

Fi'ow i nto TRBvERupE S ARy FobSey T i 22D ah o i Belt Bhib Raped

and have ami@Rexityl 244 diesRowedival tong tndfasXbs l@kadd ersiafl the Z0earantee 200ne
shape of the deflector 110 will deflect debris in the punpage into the punp

i npel | er Zomygrselyhifsthepsiabgar plads siparance déb degreasse.ghe Reesshamill g daghe 70.
U ke tha £i] ! ¢ HE
From the S b 2B, ThOPHEAHE el founlrac" B EREbE dify L CEpERBHY

[ 0040]10Refdiihk Rpeiradvh taod EhéareGthat the st I0eand@ 121 dnndt&oinge intd ciitacatwath

havi ng anof her enbodi nent of a thrust bearing 54'. The thrust bearing 54
may i ncl udBe HpPigt EHoyhd’i 210 and an inner land 212. A fluid cavity 214 is

di sposed betwe o] 30k 3 Ll . J
shroud 48'. Itqgﬂgﬁfd giééa%dtugga% ﬁé&e %gﬁlg@ %sh%ﬁigp%ngégf}l@@g?ﬁggﬁéeq%%n%y be

i ncl uded ipastages @0yddi Hrenpassadeb usd siatdtb providegs rel3ti@msblipSbetyOdrtie riteeofout er
land 210 Ilesak%:ges 9133 etl?e gﬁinag%elgtprgs%u}ehi% t%g r‘ﬁlullg rca\(f:iltye 352 r211(s:ea tGu%'ction of the axial

15  clearance. The radial location of the channel 74 determines the amount of centrifugally

generated pressure rise and is considered in ensuring an optimal leakage in addition to
the diameters of the flow channel. Excessive leakage flow may impair the efficiency and
insufficient fluid flow will allow clearances to be too small and allow frictional contact
during operation.

20 [0045] The pressure in the fluid cavity is higher than the turbine outlet 44 and
the pressure in the outer diameter of the impeller in the annular clearance 60 when the
channel 74 is at the optimal radial location. Leakage will thus be out of cavity 214 to
allow a desired pressure variation within the fluid cavity 214.

[0046] Referring now to FIG. 7, an embodiment similar to that of Fig. 6 is

25  illustrated. The inner land 212 is replaced by a bushing 230. The bushing 230 may form
a cylindrical clearance relative to the impeller wear ring 232. The fluid cavity 214 is
thus defined between the wear ring 232, the bushing 230 and the outer land 210.

[0047] Referring now to FIG. 8, vane 240 of an impeller 242 having
curvature in the axial plane as well as the radial plane is illustrated. The impeller 242

30  may be used in a mixed flow design. In this embodiment, the outer land 210" and inner

land 212" are formed according to the shape of the impeller 242. The fluid cavity 214’

may also be irregular in shape between the outer land 210" and the inner land 212",



The inner land 212 is disposed adjacent to the turbine outlet 44. The
thrust bearing 54' may be annular in shape and thus the outer |and 210 and
i nner | amnsio2a/av0B6al so be annul ar i n shape.[0042] The eaviusgo1ANZ29any
receive pressurized fluid fromthe punp portion 16 illustrated in Figs. 3
and 5. That is, punpage may be received through the shaft passage 70, the
radi al passages 72 and the axial passages 74. [0043] Slight axial novenents

of the shaft 2Gopag} heTat harNedsd PBsh hesyidR rRUAIA& 1y TBYheCRHE BavAf 2 1@ f,ons 1N
the axial cl eaﬂancef 220 %et \Agg‘nstg 1)2 J 210 anld 2!2 ree atlév% tt%{) then out er
shroud 48'a ditdctibhet axasdle ol tharlangesindPoxis nﬁﬂ&e&ﬂ'd nideBinpraed shafe20'n Thue, f | ui d

cavity 214 decy ases d i ncr eas e _through the cle nces
220, - Lonv RSB PRISEfe SRl Y B GRoN FEEF i o0 o6 Qo dagesies a0
pressure Wil difidongl pﬁség%ezsfol Mh_@ eﬁ@f/thfemla&éavwﬂﬁ@a@sawu@ 1¥@kibAd ineMiding
counteracts the variable axial” thrust generated during operation and

ensur e$ t hwar thhéallda?n@s opatangthgr Roratigfosusbtas cl,‘l@m‘elanqhtzbo cohurigus plareshbettieen

i npel | er shr [,0044]. The reduct.ion re is determned by the
1w resi SUaRcR 0 fia3ie Bibg A HE TS BuBlEERY 2, °si'%ed Lo provide a
rel ationshi p begposen treodeatigiled ihedkage c@ndndeapphange fidin PhesewBign t he
fluid cavity 214 as a function of the axial clearance. The radial |ocation

of the chal§fiptipn thpsttes hﬁoﬁ@éeaﬁhlég%%@ﬁtdl%‘fosé@rﬁaﬂ|b|eu31@lqn§ﬁn§f@rﬂ@raa‘f9é@t§b@fessure
rise and i ng 1y o_ 4 he

di aneters f?)]fn%t)h %?%)\?vgc ann &]ﬁé\gse@gll@cg& Cﬁ%?%ggmhgs e Utus%?é? of

ef f i cil@ncythaddclonseklidutd aod bef Jouirditdd ﬁmevmhér rﬁd)dlﬁmmlneaﬁlabe@ﬁnd appheent @0

small and allaow frictional contact during operation. [0045] The pressure in
the fluid Baditlgd pechiigfrerpehastudnet ther GRwEn st specificalinp apg dhesfollewiiize i n
the outer giageter of the inpeller in the annular clearance 60 when the
channel 74 1s at the optinmal radial |ocation. Leakage wll thus be out of
cavity 214 to allow a desired pressure variation within the fluid cavity

214. [0046] Referring nowto FIG 7, an enbodinment simlar to that of Fig.
6 is



illustrated. The inner land 212 is replaced by a bushing 230. The bushing
230 may forma cylindrical clearance relative to the inpeller wear ring
232. The wbubt/moanssty 214 is thus defined between the weam/useog/o02382 t he
bushing 230 and the outer |and 210. [0047] Referring nowto FIG 8, vane
240 of an inpeller 242 having curvature in the axial plane as well as the
radial plane is illustrated. The inpeller 242 may be used in a m xed fl ow
design. In this enbodiment, the outegqlgregs 210" and inner |and 212" are
formed according to the shape of the inpeller 242. The fluid cavity 214
may al so be irrWgatiaclaimedsihape bet ween the outer |and 210" and the inner

| and 212'.[0048] The fluid passage 250 provides fluid directly to the fluid
cavity 214" in a direction at an angle to the longitudinal axis of the
fluid machine and shafhid@achiddwtapdsiif: r adi al passages 72 and axi al
passages 74 are replaced with the diagonal passage 250. The di agonal
passag€ 250 may? mmeportine hiving d poawiimpelaahambery aphopgnleouaita pmesp pwitdtudi ng
near the |and 21 o pabioRROLAST LATA BRISHaR AR NOAMAENT: 2A0a YA ous
pl aces bet ween pARERC BYGON LAYNS AFHIONE IMAelET (el o P NG I SRS B ge
250. [004utidhose skilled in the art can now appreciate fromthe foregoing
description that the broad teachings of the disclosure can be inpl enented
in a variety ofa fheftrextenpiing bgtyeen thenpyrep impallegickeambrand the dubaesingster cul ar
exanpl es, .Sl ld not be so limted since
ot her nDdi%?@g%§%ﬁ%§@ﬁf@ﬂﬁ%%%ﬂgﬁﬂ%%%lgﬂ#gggﬁﬁgg’skilled practitioner upon a
study 10f t he drawtlbigs impéierpepled itcalid onpedled ehdef fiod slafd digpaskaiwithiCldl MS
What is clained is: 1. A fluid machine conprising: a punp portion having a
punp i npel MeFIEHAABORT: saiddurhing impreflenbrying puie abgﬂaﬁteqn,e A WhiFhcABPHSES on
having a Rthhﬁﬁagﬂﬂékhﬁ&l hagper, a turbine inlet and a turbine outlet; a

shaft extendi hg between the punp inpeller chanber and the turbine inpeller

chanber, sai d shhfust bewinggn Huslhaitmpassiagevithheidvinepasgage.

15 2. A fluid machine as recited in claim 1 further comprising a turbine
impeller shroud having a turbine impeller passage therethrough that fluidically couples

the shaft passage to the vane passage.

3. A fluid machine as recited in claim 1 wherein the vane passage is an axial

20  passage parallel to the shaft.

4. A fluid machine as recited in claim 1 wherein the same passage is

disposed at an angle from the shaft passage to the thrust bearing.

25 5. A fluid machine as recited in claim 1 wherein the pump inlet is coaxial

with the shaft.

6. A fluid machine as recited in claim 5 further comprising a cone deflector
disposed adjacent to a pump end of the shaft passage.
30
7. A fluid machine as recited in claim 5 further comprising a deflector

disposed adjacent to a pump end of the shaft passage.

10



a turbine inpeller coupled to the inpeller end of the shaft disposed wthin
the inpeller chanber, said turbine inpeller having vanes at | east one of

whi ch compoizss9sn3dsane passage therethrough; and a thrugCcThsastooeeon fl uid
comuni cation with said vane passage. 2. A fluid nachine as recited in
claiml further conprising a turbine inpeller shroud having a turbine

i npel | er passage therethrough that fluidically couples the shaft passage to
t he vane passage. 3. A fluid machine as recited in claim1l wherein the vane
passage is an axi al passage parallel to the shaft. 4. A fluid nmachine as
recited in claifn 1 whdhad madhénes aneeqimd simgelains divdpose dhatdeflectangl eorfer om
the shaft passage to the thrust bearing. 5. A fluid machine as recited in
claim1 mﬁgﬂ@ﬁn the punp inlet is coaxial with the shaft. 6. A fluid
machine as recited in claim5 further conprising a cone defl ector disposed
adj acent to a punp end of the shaft passage. 7. A fluid nachine as recited
in clabm5 further cbrild siaghing adetditedtiorclainspodweeindhadeltactaros aligpasgs end
of the shaft.gﬁssqg§ 811@ fluid machine as recited in claim7 wherein the
defl ect or ©CYEERYLHRGEE™ o "Afiuid nachine as recited in claim7 wherein
the deflector is disposed coaxially with the shaft. 10. A fluid nmachine as

recited in claim7 wherein the deflector is coupled to the punp inpeller
with a strut. 10 AAfuidmaeline Avregiied srelpwey 7iwheesiniths deflgetards poumied to

defl ector .k he np inpeller so that a gap between the punp
i npel | er é%%pﬁﬂgahggkég?%gl ﬁ%idically coupl ed the punp inpeller and the

shaft Ipassage. 12. A fluid machine as recited in claim1 wherein the punp
portion and the , . o : : .
11. A fluid machine as recited in claim 9 wherein the deflector is coupled to
the pump impeller so that a gap between the pump impeller and the deflector fluidically

coupled the pump impeller and the shaft passage.

15 12. A fluid machine as recited in claim 1 wherein the pump portion and the
turbine portion are disposed within a casing, said casing comprising an annular clearance

in fluid communication with the turbine impeller portion.

13. A fluid machine as recited in claim 1 wherein the thrust bearing
20  comprises an outer land and an inner land that define a fluid cavity, said fluid cavity

fluidically coupled to the vane passage.

14. A fluid machine as recited in claim 1 wherein the thrust bearing
comprises an outer band, a bushing and a wear ring that define a fluid cavity

25  therebetween, said fluid cavity fluidically coupled to the vane passage..

15. A fluid machine as recited in claim 14 wherein the wear ring is coupled to
the shaft.
30 16. A processing system comprising the fluid machine recited in claim 1.

11



turbine portion are disposed within a casing, said casing conprising an
annul ar clearance in fluid comunication with the turbine inpeller portion.
13. A fl WO 20e0000103¢ as recited in claiml wherein the tirCHAS2(104A21962)
conprises an outer land and an inner |and that define a fluid cavity, said
fluid cavity fluidically coupled to the vane passage. 14. A fluid machine
as recited in claiml wherein the thrust bearing conprises an outer band, a
bushi ng and a rri i J Ly it b , id fluid
cavity fluidically c%@g?éggﬁﬁ%qﬁﬁéerﬂ\%asﬁrg&#gsglag%i.ﬂ.l 1%5%H%%§‘l ﬁlite ngcrﬂ?%%&as
recited i roolpaisens dvehepgnosit penpregsystémg i s coupled to the shaft. 16. A
processi ng systemconprising the fluid machine recited in claiml.17. A
processing systemas recited in claim16 wherein the fluid machine
conprises a revglse QRLLInPWRINNGs $3SEM chin 1A REHAGCSThFIBITY S HEIFedS
recited in claim17 further conprising a process chanber coupled between
the pudp cheméer congledhetwagnhapumppetdet andtheAurbetenolt.of operating a fluid
machi ne conprising: conmunicating fluid fromthe punp inpeller chanber
through a shaft passage to a thrust bearing at a turbine end of a rotor;
and generating @n i nhapkitbdafiopbralig & Eluidmb&EROSGRpHsgag onuNi cating fluid.
20. A nmethod as recited in claim 19 wherein communicating fluid conprises
comuni cati ng faouaurreasing tfhied Sraythe pa@@&g]@elﬂ%ma@herathmg aFhals pawsaghtog
turbine i npgllBheat tap$ &g%‘g%d BEALI G anfl- A nmethod as recited in claim19
wher ei n conmuni cati ﬁg fm conprises’conmuni cating fluid fromthe shaft
passadé t hr ougheeaemdnlg ad inbojelakénl f@ras Bageponee & avamBurpesBadid.o t he thrust
bearing. 22. A nmethod as recited in claim 19 wherein comunicating fluid
conprises comunicating fluid fromthe shaft passage through a radial

inpel | er passagg) to Qm@ddPhs recited in claim 19 wherein communicating fluid comprises
communicating fluid from the shaft passage through a vane passage in a turbine impeller

to the thrust bearing.

15
21. A method as recited in claim 19 wherein communicating fluid comprises
communicating fluid from the shaft passage through a radial impeller passage to a vane
passage to the thrust bearing.
20 22. A method as recited in claim 19 wherein communicating fluid comprises

communicating fluid from the shaft passage through a radial impeller passage to an axial

vane passage to the thrust bearing.

23. A method as recited in claim 19 wherein communicating fluid comprises

25  animpeller passage disposed at an angle relative to the shaft.

24. A method as recited in claim 19 further comprising communicating
pumpage into the pump impeller chamber having debris therein and deflecting the debris

from the shaft passage using a deflector.

30
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vane passage to the thrust bearing. 23. A nethod as recited in claim 19
wherei n comruni cating fluid conprises an inpeller passage disposed at an
angl e relwoi2om/@w3she shaft. 24. A nmethod as recited i nPClraisa010925962 t her
conpri sing comuni cating punpage into the punp inpeller chanber having
debris therein and deflecting the debris fromthe shaft passage using a
deflector.25. A nethod as recited in claim19 further conprising

comuni cati ng npa i t.he g Wals) j rein
and defl ecti ng@tgshe eb#l%e?r%rr{e? éeﬂ)s} ;?%Hpggsgg%gﬁgﬁggﬂghgoﬁgﬁgngHlaéﬁcI?égr.
26. A net hmthpage mee itegqoimmingdediencb@nbeh baen g delomherematndnig flettingdhe detpis ses
comruni ca&j%ﬁ fluid to the . .thrust %q_%rgl ng having a cavity defined by an

i nner | and™ 4R Peafali prspeq Utine a sene- ©hod as recited in claim19 wherein
comuni cating fluid conprises conmunicating fluid to the thrust bearing
having a cavity defined by an outer |land, a wear ring and a bushing. 27. A
met hod Sof per f d¥ni ng angthaskassiscitasnprdlaim P whererueinemuningfifg thiid domprseshe

chanber to a process £hanber:.o ating the fl uid chi he conpri,si t he
method of CoPuIGRNE S o s hRRChA g having 4 caviey deRich bY ab il 1ang S, o7

gener at i nginlyukdr@ardd, ui d t hrough a nmenbrane in the process chanber.

27. A method as recited in claim 19 wherein communicating fluid comprises
10 communicating fluid to the thrust bearing having a cavity defined by an outer land, a

wear ring and a bushing.
27. A method of performing a process comprising:
communicating fluid from the chamber to a process chamber;

15 operating the fluid machine comprising the method of claim 19.

28. A method as recited in claim 27 further comprising:

generating brine fluid through a membrane in the process chamber.

13



