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Background of the nventhl’on g

Centrifugal well pumps are commonly used for pumping oil and water from oil wells.
The pumps have a large number of stages, each stage having a stationary diffuser and a
rotating impeller. The rotating impellers exert a downward thrust as the fluid moves upward.
Also, particularly at startup and when the fluid flow is nonuniform, the impellers may exert
upward thrust. In the most common pump design, the impellers float freely on the shaft so
that each impeller transfers downward thrust to one of the diffusers. A thrust washer or
bearing is located between a portion of each impeller and the upstream diffuser to
accommodate the downward thrust. Another thrust washer transfers downward thrust.

Some wells produce abrasive materials, such as sand, along with the oil. The
abrasive material causes wear of the pump components, particularly in the areas where
downward thrust and upward thrust are transferred. Tungsten carbide thrust bearings and
bearing sleeves may be employed in these pumps to reduce wear. A number of designs for

these components exist, but improvements are desirable.



beari ng sl eeves may be enpl oyed in these punps to
reduce wear. A nunber of designs for these conponents
wW@20080991But | nprovenents are desirabl e. Summar yPOrf/US1966/008591
I nvention The centrifugal punp stage of this invention
has a stationary diffuser having a bore. A thrust
Su h OBubul ar portion that inserts into the
bore. An external shoul der extends radially outward
f r Ghe cowrifugalipamp ptage iof this idyehéanr basag statisnary diffipohaving a bore.
surface formed in the bore of the diffuser for
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di amélirest ofmntheotatebbr eagagshaulddensttaass ead omtder thrust bearing for
di aneter of the internal shoulder. The thrust bearing
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shoulder. The thrust bearing and thrust washer are preferably constructed of hard wear

resistant materials, such as tungsten carbide.



Figure 3 is a sectional view of a thrust bearing of

the punp stage of Figure 1, shown renoved fromthe
w@eep/0oHBHure 4 is top plan view of the thrustP@EESI00008591

of Figure 3. Figure 5 is aX¥ectional view of a thrust
. runner of the ounp stage of Figure 1, shown renoved
et Deseril] a ) b: 6|sabottomV|ewof the thrust
runner of Fi gure 5. Figure 7 is a side el evational

vi Bigued 1 & asjecbonal wiew ¢fa stageppi st emstriied m accordhnerwith this

removed fromthe punp. Detail ed Description of the
invehtiosent i on Referring to Figure 2, a punp assenbly is

shown in a well having a casing 11. Perforations 13

W Fhiube @asd AO%scherhat®d lefWati@lal Vidwi 6F 2 pluay i!nnh&okﬂﬁce with this
casing 11. An electrical subnersible punp 15 is shown

lnvew%ﬂdﬁg%@ﬂ{ma%ﬂ on a string of production tubing

as an | ntake 19 for draw ng inwell fluid

rou t 17 to.t,he surf.ace.
A ?&%ﬁeg? b9 séchinhdl e e b et ting S SR SBSSot Eiews 1, shown
intg casing 11 above a packer (not shown). Punp 15 has

remoyed drom SePUMPn 2 1 connected to its |ower end. An

el ectrical notor 23 connects to the |ower end of seal
seFigused B1top glealvieye of thethi2stibepdinig obBigarept.essur e
differential between lubricant within notor 23 and the
hyBigusd atis & sgutieasiuriewiof at theisivRlnher éMthe lpeedp stegd offigere 1, shown
cabl e 24 extends downward fromthe surface to notor 23

remdvell fAPMeyuftp. Power . Referring to Figure 1, punp 15 is
a centrifugal punp nade up of a plurality of stages.

Figure 6 is a bottom view of the thrust runner of Figure 5.

Figure 7 is a side elevational view of a sleeve of the pump stage of Figure 1, shown

removed from the pump.



Each stage has a diffuser 27 (one shown) and an

inpeller 29 (two shown). Each inpeller rotates and has
w@awsagass 30 t hat | ead upward and outward fronPEI/US2006/008591

inlet. Diffusers 27 stack oh top of each other within

a cylindrical housing 25. Diffusers 27 are

non-rotatable relative to housing 25. Each diffuser 27

has a plurality of passage 3 1 that extend froma

Ailodd iptigms of rednventiin t o an upper or downstream

outlet. The inlet is farther radially froma
| ongi tudinal axis of punp 15 than the outlet. In this
enBeftimingntq Figuré 25 er piidp iasseabidy siedhéwvovintay pell havergeh reasing 11.
passages 3 1 extend both radially inward and upward.
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types, wherein the passages of the diffuser are
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manner. Lower portion 33a has_the smallest dianeter,

surfaggi Petomafl¥.an SPBF INSEce I Is mqiﬁﬁel&r&q B1Q fAsignidrabove a packer
di aneter, and upper portion 37c is a counterbore with

(not shwn)ar gest di aneter. In this enbodi nent, central
portion 33b has a greater length than either upper or
| oRemppidr hasod seaB3ection RA3konndetsthad tts IbwexewhdAn electrical motor 23
rotatably through diffuser bore portions 33a, 33b and
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non-rotatably nounted in portions 33b and 33c, such as
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and external rim on, an r _end,9f. base 43.
pow @R h R dgm i iter dn That PP R mBRF 23 o TR pover
wi th upper bore portiaqgn 33c. Preferably, thrust .
beBefergngte Figuredn impdeiap cpntifugal Pump mads vg ﬁ%g plurality of stages.
radially inward into cl ose proxi m tf/’ but not touching
Eachs$tage haba diffuser 27 (one shown) and an impeller 29 (two shown). Each impeller

rotates and has passages 30 that lead upward and outward from a lower inlet. Diffusers 27
stack on top of each other within a cylindrical housing 25. Diffusers 27 are non-rotatable
relative to housing 25. Each diffuser 27 has a plurality of passage 31 that extend from a
lower or upstream inlet to an upper or downstream outlet. The inlet is farther radially from a
longitudinal axis of pump 15 than the outlet. In this embodiment, diffuser 27 is a mixed flow
type, wherein passages 31 extend both radially inward and upward. This invention is
applicable also to radial flow types, wherein the passages of the diffuser are primarily radial.
Diffuser 27 has an axial bore with a lower portion 33a, a central portion 33b, and an

upper portion 33c. The terms "upper" and "lower" are used herein for convenience only and



Internal rim4 1 has an inner dianeter that is smaller
than an inner dianeter of base 43, defining an
wap®bioedss f aci ng i nternal shoul der 42 at the PCT/US2006/008591
intersection of internal rifm4 1 and base 43. Interna
shoul der 42 is located in _a_plane perpendicular to the i
not imgligniting smaner. Imwer m§i0@>é3érb§§ %Fa%li?adlegwimm&dﬂﬁm‘?mal portion
base 43. Base 43 has an outer cylindrical surface that
33b is Gmitanddiate émimmert dibmeter,pod tipper B3Hon Fheisquicantedicaerattbrthe largest
of base 43 is |less than the outer dianeter of externa
diaméief) B9 thifleimbbdifEna ehtipd tpoetion 3Achasgn gicher helgtls thanleiteer upper or
45. External shoulder 45 is in a plane parallel with

lowePEIa 3% 884 ¥ ff set frominternal shoul der 42. Internal
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upger bore portion 33c. The inner cylindrical surface .
such@f by ag éntarferienee fitrpriothes megns nEirast beiind 7 Hea Wbylar member having a
same as the inner dianmeter of |ower bore portion 33a.
cylinfihieall tave43 emtlarnéxtbmsbridB ot @r an wepee sndroSbase #3 d iExtesmed gim 39 has a
above theintersection of |ower bore portion 33a with
side GRMNtthalis BPE@AD tithaippaBhore HotthinS3 Rtraelerabiy, thrist bearing 37 has an
shoul der is |ocated at the intersection of |ower bore

. rt.i i ) .

e e A s L 2R B s Aoy, B Sfuching shaft 35
cl.eara . |Int.ernal. an e d : r

interilcRDCAT Fige S agiofRe bl db AL B G Pt Vet 6 base 43,
hearing 37 than the upstream end, The upper end of )

defilh & DR TP SIAHIOEr 06 (ot SRey OF POSHOWRY Fim 41 and
the outlet of passages 31. A flat thrust face 48 is

basef4dy rfotérmh showdarigds losatedan atphangsnerpradiciileg (e the axis of shaft 35, thus
ext endi ng

extends radially inward from base 43.

Base 43 has an outer cylindrical surface that contacts central bore portion 33b. The
outer diameter of base 43 is less than the outer diameter of external rim 39, defining an
upstream facing external shoulder 45. External shoulder 45 is in a plane parallel with but
axially offset from internal shoulder 42. Internal and external shoulders 42, 45 define a
generally I-shaped configuration for the downstream portion of thrust bearing 37. External
shoulder 45 is in contact with a downstream facing support shoulder 47 formed at the
junction between central bore portion 33b and upper bore portion 33¢c. The inner cylindrical
surface of base 43 has an inner diameter approximately the same as the inner diameter of

lower bore portion 33a. The lower end of base 43 terminates a short distance above the



frominternal rim4 1 to external rim39. As shown in
Figure 4, face 48 optionally may contain a plurality
w@booshgdiBdw radi al grooves 47 to assi st in | ubPCTESE10061008591
Face 48 has a greater transwverse cross- sectional area
than base 43, neasured frominternal rimA4
interssefigr RhIowsrHosoportiee 387 6t eatnl bers PogiR %?rb matb@ eqghqdgment. A
equi valent to the difference between the outer
shoulijeamseloeated it th irgensedtiontod b werrboagportion 3Bmand eensral bore portion 33b,
di anmeter of internal shoulder 42. In this enbodi nent,
and kit BFRaleng hWade M348 spaced! fomtrthishshoukiet éxyrmlcleaﬁm&.déntemal and
45 to thrust face 48. Preferably, a cylindrical sleeve

exte&aﬂsﬂoﬁﬁﬁ‘fse@ RELYERRAEH truich RRY etk AREE SN neatnd T thrust bearing 37
bearing basé 43 and shaft 35. Sleeve 5 1 has an axi al

for receiving a key (not shown) to cause
thanlﬂl%/u rg‘jgn%ﬁ?o rot ate with shaft 35. Sleeve 5 1 is free
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ouTBF VGpeis ierminaes sygﬁamw@@éiwba%?h the outlet of
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passeges S e o8l theyst face U8 isfaraed pa ik wonsr ead abthenst bearjng 37, extending
| ess than the axial |ength of thrust bearing base 43.
fromAintérhalugitor 4t ed exterfidl gime39%7 , Asaslspin @t Figwovie fas #&pphenally may
| ocated on the exterior of sleeve 5 1 for facilitating

conthif ol pHaliBAd sBRllovirdRAIN2b@ley 47 36 08 ibmbeioatich. Fict a8 hegla greater
in the inner dianeter of base 43. A thrust runner 57

trand@Re 2rSOWEMRING! 5R% NG BIIPABNmehdidd EbmUterhi Qﬁn 29 tB haternal rim

engages thrust face 48 of thrust bearl ng 37. Thrust
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supvvar and |nvvar ¥ 8 & exterror of
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dianis g sTEal SOLHTen oot Rar g Codniha) gpgildey 42 Tn ths

than at the upper end of thrust runner 57. The radi al
embogligent, aremel Shoyldsed2 isgheger than gxigmal phapder Ao drugtfece 48.

59 is substantially the same as the radial w dth and

cr Bsferablyt iaoogindsicelasloéve hit Ustatée betiwegn fthe end@. difhneter of thrust

surface
bearing base 43 and shaft 35. Sleeve 51 has an axial key slot 53 for receiving a key (not
shown) to cause sleeve 51 to rotate with shaft 35. Sleeve 51 is free to move axially on shaft
35 a limited distance. The outer diameter of sleeve 51 is in sliding contact with the inner
diameter of thrust bearing base 43. In this embodiment, the axial length of sleeve 51 is less
than the axial length of thrust bearing base 43. As illustrated in Figure 7, a spiral groove 55
may be located on the exterior of sleeve 51 for facilitating in lubrication. Alternately, groove
55 could be formed in the inner diameter of base 43.

A thrust runner 57 has a downward facing smooth, flat thrust face 59 that engages

thrust face 48 of thrust bearing 37. Thrust runner 57 has an exterior sidewall 61 that extends



area of thrust runner face 59 is the sane as the
surface area of thrust bearing face 48 plus the area
w@boogopases 49. An internal key slot 63 (Fig. BQT/US2006/008591
thrust runner 57 receives & key to cause rotation of
thrust runner 57. A downward extending inpeller hub 65
upwagd andhinveag Hoanface §qn Jthe @émlpﬁﬁéﬁlﬂéwallzgl & 2 surype dapered surface in
(not shown) if used, contacts the upper end of thrust
this ¢mbodimend) witfhe lad¢noaat diapmtarearfmbmﬁglthm aRthehappenend of thrust
upwar d extending hub 67 that fits within | ower bore
runnd?F7t I TH rddial @itHh and bRss-sdibhilameandf thivstiainnbedice 59 ibadstantially
43. Hub 67 of upstreaminpeller 29 contacts the | ower

the s&i€ anthesijagﬁl’%éﬁ an@léfdsﬁ‘ge&%ﬁlaéreé) Bﬁfh@ﬁdt %arn% folce 3:8 angR surface
I's located between the upper end of sleeve 1 and
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material conprises a carbide, such as tungsten
causgrptdijoneo! thrpstgperaatti’on, notor 23 (Figure 2) rotates
shaft 35 (Figure 1), which in turn causes inpellers
29A downwatd extambing ﬁpahd heb 66\é tieladjarenbdewmstredingmpeller 29 or a
rotation of inpellers 29 causes fluid to fl ow through

spacér”@@lt |sBbwRASE agAS c3htadtsdtheli dppes end pasthagesudder dlhe The adjacent
| uid pressure of the flomnng fluid increases with

upsn?%?l qm@é’l’f@? 2941298n ubWRkd d érﬁlnggtgh @7 ﬁﬁ‘b’ﬁ@ Withif® Wér b3R portion 33a

tation, but” not |xed o shaft 35 axially.
Do erted b h
and O Bl et DGR E 2 "B TRl st ol 2g pomtacts the
of inpeller_29 transn1ts the thrusi through t
lowep GAeF Slgevei e oDUHBE SPHRS lapsraiopns @ raB%eanglﬂ %Jrgetwsn the upper
thrust transfers throughdiffuser 27 to the d| ffuser
end ¢fisdeve hband inteynaltsbgulded 43wf thrustbreriagéit ual |y to the

| ower end of
Thrust bearing 37, sleeve 51 and thrust runner 57 are constructed of a harder material

than the material of diffusers 27 and impellers 29. Preferably, the material comprises a
carbide, such as tungsten carbide.

In operation, motor 23 (Figure 2) rotates shaft 35 (Figure 1), which in turn causes
impellers 29, thrust runner 57 and sleeve 51 to rotate. The rotation of impellers 29 causes
fluid to flow through impeller passages 30 and diffuser passages 31. The fluid pressure of
the flowing fluid increases with each pump stage. Impellers 29 are keyed to shaft 35 for
rotation, but not fixed to shaft 35 axially. Downward thrust exerted by the pumping action is
applied to each impeller 29. The lower end of hub 65 of impeller 29 transmits the thrust

through thrust runner 57 into the stationary thrust bearing 37. The thrust transfers through



punp housi ng 25. Under sone circunstances, up thrust
occurs, causing hub 67 of upstreaminpeller 29 to
wappbpoupiward thrust to sleeve 51. Sl eeve 5 1 POWES2006/008591
upmard into contact with i ternal shoul der 42. The
ward force transfers frominternal shoul der 42
dlfﬁlsﬁr Hlignthelithiaser et shownplocatgd elpgweit, snd gysatyaly do the lower end of
housi ng 25. |If desired, each stage coul d have one of
pump heusihg 25t beari ngs 37, thrust runners 57, and sl eeve
51. Alternately, some of the stages coul d be of
colmédat doaiadircingincdsQ tip Hlavstngcars) duusing hubbAef,upbtdans impeller 29
beari ng, or sleeve as described. Spacer sleeves

to aﬁﬁ& QArd BEudtBalldest NUbSIetle Sh@ﬁ@veQ UpWARE 0 onBLAGRR internal
coul d transfer thrust dowward to the next stage

4P 9 T8,

shou 4918 BT ol UL R R thtdahel HRRACP92 Mhongh st boaring 37,
The hrust bear i provi des transfers bot h dommmard

dﬁﬁﬁﬁﬁzuﬂ§ﬁP ]FWWﬁgggto the diffuser. The thrust faces
are considerably I ar i n cross-sectional area than
t h& dagised. #pclhngg @m@? bever oe aftheBrus dagringg 3dnthresh rypers 57, and
runner. Wiile the invention has been shown in only one

sleewaf 51. t Altérontely, sothe sfithel sthmes beuld bp af eoventiondl dgee, ski hdverg a thrust
inthe art that it is not so limted but is

runnSt) SEept l'béakiﬁ%,oorVé)édve 4S debuiaibees Sphidiclievelciawtémtheli@aller hubs of
the scope of the invention.W Caim 1. A centrifuga

thesep H&P\Jenﬁ&m IstapbBould tShdfel ARASYIHNIWHE 8 1RANdR Giede MaYBIg a thrust

a support shoulder formed therein; a stationary

mm%ﬂg ﬁmfg?gl%an?&% Having.a tubular portion inserted into

ore o

The invention has significant advantages. The thrust bearing provides transfers both
downward and upward thrust to the diffuser. The thrust faces are considerably larger in
cross-sectional area than the tubular portions of the thrust bearing and thrust runner.

While the invention has been shown in only one of its forms, it shoulder be apparent
to those skilled in the art that it is not so limited but is susceptible o various changes without

departing from the scope of the invention.



di ffuser; an upstream facing external shoul der on the
tubul ar portion that contacts the support shoul der in
wo b@otivfisuiser to transfer downward thrust fronPEr/US2006/008591
downstreaminpeller to the diffuser; and an upstream
facing internal shoul der on the tubular portion to
transfer upward thrust froman upstreaminpeller to
the diffuser. 2. The centrifugal punp according to
We (dhm:m 1, wherein the internal and external shoul ders
are | ocated closer to a downstream end of the thrust
1. Abaﬁflmglplhﬁp, dompaRingpst ream end of the thrust beari ng.
3. The centrifugal punp according to claim1l, wherein

t r‘.étestéltmn Mkfu%}%l{/i‘ﬁg% ke WhB alsOppbit sHRARIC REnled tidrginer

t han the “ext ernal der to a downstream end of the
t hr %'t ﬁ(ir?a??r bélarl gphav?n ythﬁlﬂ%af?oﬁkiﬂﬂnée%g rlﬁ‘i oNGhelBdre of the
ust runner having a
domnstrean1end for engagenent with the downstream
f%mel | er and an upstream end that rotatably engages a
downstream end of the thrust bearin t he upstream end
ofan nstreain faging gxigmal phayldes o th%&%b&?ar RPHqs that contacts the support
substantially equal to a differencebetween an outer
shouldeniretler diffustheo eansfemddowewand| theust Ifows aadowmstispm impeller to the
di anmeter of the internal shoulder. 5. The centrifuga
diffug¥anghdaccording to claim11, further conprising: a
thrust runner having an downstream end for engagenent
Wi I sBeard QUARS REMaT $HRG]def bn @lﬁléjm%{ilakl eéﬁfoﬁ&mt@a@kei fighvard thrust
rotat'ably engages a downstream end of "the thrust

from %rel%%lst?%m impeller to the diffuser.

diffu

2. The centrifugal pump according to claim 1, wherein the internal and external shoulders
are located closer to a downstream end of the thrust bearing than to an upstream end of the

thrust bearing.

3. The centrifugal pump according to claim 1, wherein the internal shoulder of the thrust

bearing is closer than the external shoulder to a downstream end of the thrust bearing.

4. The centrifugal pump according to claim 1, further comprising:
a thrust runner having a downstream end for engagement with the downstream
impeller and an upstream end that rotatably engages a downstream end of the thrust bearing,

the upstream end of the thrust runner having a radial width substantially equal to a difference



t he upstream end of the thrust runner having a
cross-sectional area greater than the downstream end
w@boosl1sihir ust runner. 6. The centrifugal punpPCT/US2006/008591
according to claim1, wherddn the thrust bearing has a
thrust face that extends from an outer dianeter of _the,
betwesptasy pter disanatercefl the exiernal sbpuldeialest an ipnertdiameter of haq internal
shoul der. 7. A centrifugal punp, conprising: a
should¢rat i onary di ffuser having a bore with a support
shoul der formed therein; a stationary thrust bearing
secured to the diffuser, the thrust bearing having an
tubul ar portion with an upstreamend that has a
5. Tfﬁ@@&ﬁﬁfd o %unﬁé‘?&%fhiﬁ% R33aiRer thu@her ceﬁﬁgﬁ@ihgg an upstream

aci ng external shouf der extending radially outward

fro e tubul ar ti t i

i Bl b i B dofihofth TR R i g downstream
) ubul.ar portion; downstream f aci thrust fa a .
impelS g malinireta S T APy SE Otsea A Sy PHSE £t Cfher g bearing

having a radial width substantially equal to a
the upstreasm egnde ob ghovabrnsh rumngr dhaviigadeeiops-sictippal e egtagipr than the

shoul der | ess an inner dianeter of the interna
downstreath ded pfithe ltiusttrunnerner t hat rotatably engages the

thrust face of the thrust bearing for transmtting

downward thrust froman upstreaminpeller to the
t hrust bearing; the external shoul der contacting the

L B

r

runner.to the dif,fuser, ' S ra
v PR3, 4] 5 SRR 0 A0l B P g o 0o
i u?str minpeller to the diffuser.
internal shoulder.

7. A centrifugal pump, comprising:

a stationary diffuser having a bore with a support shoulder formed therein;

a stationary thrust bearing secured to the diffuser, the thrust bearing having an tubular
portion with an upstream end that has a generally I-shaped cross-section, defining an
upstream facing external shoulder extending radially outward from the tubular portion and an
upstream facing internal shoulder extending radially inward from the tubular portion;

a downstream facing thrust face on a downstream end of the thrust bearing, the thrust
face having a radial width substantially equal to a difference between an outer diameter of

the external shoulder less an inner diameter of the internal shoulder;



8. The centrifugal punp according to claim?7, wherein
the thrust runner has a downstreamend with a
weews®9gaeTti onal area smaller than the cross- seCL/US086/008591

area of the upstream end ofifithe thrust runner. 9. The

centrifugal pu according to clajm7,. whegejn the .

" ot trish | U PR, Figb (TOBfabIh Ene4en.he B HeFe; of dheo dlumst, hegying for

the external shoulder than to a downstream end of the
transrhittingsdovirewaril tigrustiieom An upsiteainf impgllenjaike thewtpedriicng: a

stationary diffuser having a bore; an upstream

i npebttemal shouldedtcahlaetignthegappnt shaulderdn thipboreasfithe diffuser for
portion of the diffuser, and a downstreaminpeller in

transth Rlif BB IBWARARDBIRD Fro thb tiiud QukeE (eMEdpBiIser, aRdof t he
diffuser, each of the inpellers having a central hub
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. i mpel | er.s. a support shoulder in the bore of the
lmpefé‘?rft?f}?éi‘fﬁlﬁrt hrust bearing having a tubul ar base that

is secured stationarily within the bore of the
di ffuser;an upstream faci ng _external shoul der

8. Thxcarifugy puoe pecordipg to olain He Whersin tfe thrpst funnghas a downstream
bearing that contacts and is supported by the support

end wiltoal lcetas-sédtionhlearda ffalarthimthet arassssettionah gred ovfirthe npstream end of
thrust inposed on the thrust bearing to the diffuser;

the thkt Ylasef.eam faci ng i nternal shoul der extendi ng

internally fromthe base of the thrust bearing;
9. The centrifugal pump according to claim 7, wherein the internal shoulder of the thrust

bearing is closer than the external shoulder than to a downstream end of the thrust bearing.

10. A centrifugal pump, comprising:

a stationary diffuser having a bore;

an upstream impeller in rotatable engagement with an upstream portion of the
diffuser, and a downstream impeller in rotatable engagement with a downstream portion of
the diffuser, each of the impellers having a central hub containing a bore;

a shaft extending through the bores of the diffuser and impellers for rotating the
impellers;

a support shoulder in the bore of the diffuser;

a thrust bearing having a tubular base that is secured stationarily within the bore of

the diffuser;



a sl eeve extending within the base between the hub of
the upstreaminpeller and the internal shoulder in the
wao booese9ibeari ng for transmtting upward thrustPET/OR0061608591
upstreaminpeller to the thH2ust bearing and the
di ffuser; a thrust face on a downstream end of the
t WRwpstresan FacHyg: exderaalshonldesextendmeesxtemplly frgmpthe bgse of the thrust
shaft and extendi ng between the hub of the downstream |
bearingrihet ¢eatactsnahd: ik supgorted by flacsipport shenlderrindhe didhserigr frapsmitting
axi al novenent relative to the shaft and rotationa
downRRYEeIRE irhpesed oh e theist béating o thel diffustopnwar d t hr ust
fromthe upstreaminpeller to the thrust bearing. 11.

The @@ﬁ&a&ﬁ At iRl Bbuiababitnting WREhEILNfrbIethE BasESHE the thrust
runner has an upstreamend that has a greater surface

beari%‘ea than a downstream end. 12. The centrifugal punp
> clai m10, wherein the thrust runner has an upstream
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) shoul der | ess an inner dianmeter of the internal
interngh shpwdder isf thenthrysh hgating &y frapgmitmg Wrgé { figgnithe upstream
punp of claim 10, wherein the thrust face of the
impellérrtogite thest beagingasd thd diffgeer; cr oss-sectional area than
a cross-sectional area of the base of the thrust

beathiRgfatd on Tieweshéain éntpel thethimstdeatigdiand to claim
10, wherein the thrust face of the thrust bearing has

a LHARPRGEL LA oA lRAhEHBAY aRkhdhE be®RbidAthd RubPof the downstream
cross-sectional area of the upstream end of the thrust

. unner 5. [ . ' 2] aj
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rotatitggglﬁgé\fqgggﬂlgg%%g}e chl:‘ hrgﬁferhp’%& &gvgmztvzlgra l%l%}usg 5% tfleb %Sst}e%m impeller

to the thrust bearing.

11. The centrifugal pump of claim 10, wherein the thrust runner has an upstream end that

has a greater surface area than a downstream end.

12. The centrifugal pump of claim 10, wherein the thrust runner has an upstream end that
has a radial width substantially equal to a difference between an outer diameter of the

external shoulder less an inner diameter of the internal shoulder of the thrust bearing.

13. The centrifugal pump of claim 10, wherein the thrust face of the thrust bearing has a

larger cross-sectional area than a cross-sectional area of the base of the thrust bearing.



bearing. 16. The centrifugal punp according to claim
10, wherein the internal shoul der of the thrust
wheaniovg3i s cl oser than the external shoul der POI/UR®06/008591

thrust face. 17. The centritdugal punp according to
clai m 10, further conprising an upward facing shoul der
in the bore of the diffuser, the upward facing
shoul der bei ng upstream of support shoul der in the

14. TiiefcEutsifugal purdp eberdiag ¢o olpin A8, Whereinrthe Bust dapetod hagrush bearing
upstream end spaced fromthe upward faci ng shoul der by

has a@rdk-eadtivngieared Substhdalbubqmt &1 bbwspsorpionad aogadofithe tipstream end of
claim10, further conprising a spiral groove between

the thtid€ r&lngeve and the base for assisting in lubrication.
19. The subnersi bl e punp according to claiml10, -

further conprising a spiral groove on an outer

di aneter of the sleeve for assisting in |ubrication.

15. The centrifugal pump according to claim 10, wherein the internal and external shoulders
of the thrust bearing are closer to the thrust face than to an upstream end of the thrust

bearing.

16. The centrifugal pump according to claim 10, wherein the internal shoulder of the thrust

bearing is closer than the external shoulder to the thrust face.

17. The centrifugal pump according to claim 10, further comprising an upward facing
shoulder in the bore of the diffuser, the upward facing shoulder being upstream of support
shoulder in the diffuser, and the base of the thrust bearing having an upstream end spaced

from the upward facing shoulder by a clearance.

18. The submersible pump according to claim 10, further comprising a spiral groove

between the sleeve and the base for assisting in lubrication.

19. The submersible pump according to claim 10, further comprising a spiral groove on an

outer diameter of the sleeve for assisting in lubrication.



