SYSTEM METHOD, AND APPARATUS FOR STACI CABLE MULTI - STAGE DI FFUSER

W TH ANTI - ROTATI ON LUGS BACKGROUND OF THE | NVENTI ON 1. Technica
Field 10001] The present invention relates in general to downhol e

el ectrical subnersible punps (ESP) and, in particular, to an inproved
system nethod, and apparatus for a stackable nulti-stage diffuser
with anti-rotation lugs for an ESP. 2. Description of the Related Art
[0002] Multi-stage diffuser punps are typically assenbled in a stack
of diffuser conponents that are nested together. The diffuser stack
slides inside a housing along an axis of the housing. The diffuser
stack is subjected to conpression by a bearing that is threaded into
the housing until it makes contact with the top of the diffuser
stack. The bearing is tightened to a calculated | ength, thus
conpressing the stack. This design prevents the diffusers from

spi nning inside the hou3|ng durlng operatlon due to the |npellers

t hat rotatesy.§ ﬁ? . . -

that are o
directly agai nst the [ mmm AN:Q;R@fl‘AfBIBNbUGSmg i tsel f. The
o-rings are axially spaced apart in approxi mately one-foot

i ncrements throughout the axial length of the stack to contain any

| eakage between the diffuser faces and the housing. Although the
o-rings are closely spaced apart, they are not used at every stage
since the assenbly and/or disassenbly fromthe housi ng woul d becone
very difficult. In addition, the o-rings on the OD of the diffusers
nmust slide across the internal threads of the housing when installing
the stack into the housing, which can potentially cut and damage the
o-rings. Thus, an inprovB8ACKGROIND OFIHE INVENTIONat overcones these
limtations woul d be desirable.

1. Technical Field

[0001] The present invention relates in general to downhole electrical submersible pumps (ESP)
and, in particular, to an improved system, method, and apparatus for a stackable multi-stage

diffuser with anti-rotation lugs for an ESP.

2. Description of the Related Art

[0002] Multi-stage diffuser pumps are typically assembled in a stack of diffuser components that
are nested together. The diffuser stack slides inside a housing along an axis of the housing. The
diffuser stack is subjected to compression by a bearing that is threaded into the housing until it
makes contact with the top of the diffuser stack. The bearing is tightened to a calculated length,
thus compressing the stack. This design prevents the diffusers from spinning inside the housing
during operation due to the impellers that rotate inside them. The stack typically has grooves
with o-rings that are located on the outer diameters (OD) of the diffusers to seal directly against

the inner diameter (ID) of the housing itself. The o-rings are axially spaced apart in



SUMVARY OF THE | NVENTI ON 100031 One enbodi nent of a system nethod,
and apparatus for a stackable nulti-stage diffuser with anti-rotation
l ugs for an ESP is disclosed. Each stage of the diffuser assenbly is
provided with one or nore "cast-in" lugs and conpl enentary recesses
in the diffuser walls. The lug features nay conprise cast elenents
that do not require additional mlling operations. The machine
turning operations required for other portions of the design are
virtually identical to those of other designs and thus add negligible
cost to the part. 100041 When stacked in assenbly order, the |lugs of
one diffuser nest inside the recesses of an adjacent diffuser. The

di ffuser sections are thus interlocked with each other and

mechani captoyintatebk ede-faet haereento theeusheuit the ewiat llengthr of thei sacktto contain any
housi ng | e t.her ot e .
The i £ omay i BEURRe: Abse Tha Ridinkr bl Ble1Pb et outi e
ar e nestapartahe) eadtaded ot mqhstargehmce e desbhy odtbr tdmembly[fﬁﬁo&}e hbusing
one enbadi eac ck has a rOV|de

ceal  ng RelEBheemENER AR Mo delioR F Sl R A0S P e BB e
only oneacthisg eletmtsmall thimdlsmfethe hwsingtvetel istallinighie ftadksintaghe deillsﬁlgdﬁﬁlblgmn

is sinpler onyvent i onal deS| s since t ntire. stack

cas |y sl Db S s D e Bt o Rty ed Aihe Sk gl overcomes
utili zi ngesalimxations obRtbsriesirabéer y st age, the head performance per
stage may be increased w thout | osses due to | eakage. [0006] Since
there is no conpression required-in this stack due to the cast-in

|l ugs for anti-rotation, the stack is held in place by other sinpler
devices, such as a retaining ring on the ID of the housing.

Repl acenent of the conventional threaded top conpression bearing
allows for nore stages per housing to be assenbl ed, thus increasing
val ue. {0007] The foregoing and ot her objects and advantages of the
present invention will be apparent to those skilled in the art, in
view of the follow ng detail ed description of the present invention,
taken in conjunction with the appended clains and the acconpanyi ng
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS



[0008] So that the manner in which the features and advantages of the
present invention, which will becone apparent, are attained and can
be' understood in nore detail, nore particular description of the
invention briefly sunmari zed above nmay be had by reference to the
enbodi nents thereof that are illustrated in the appended draw ngs
which forma part of this specification. It is to be noted, however,
that the drawings illustrate only sonme enbodi nents of the invention
and therefore are not to be considered limting of its scope as the
invention may admt to other equally effective enbodi nents. [0009]
Figure 1 is a perspective view of a centrifugal punp disposed in a
fluid in a well, constructed in accordance wth the invention; [0010]
Figure 2 is a sectional si SEMMARYF SHE IMENTIANt of a diffuser
stack of the punp of Figure 1 and is constructed in accordance with
the invention; [0011] Figure 3 is a |ower isonetric view of one
embodi mehE03bOne embwgmwdxf pfsysiem, mthadhenddippiratee for st ssaskabdg mpitiestage diffuserd
i s constr.uC e

s an apidr R ekl PRECEHAN ERp Y iR, LR ARt PRI o hiRach
constr uotlédorienoramcmr dagtie lngs hnd bemplenetary messeDETﬂab LEHDsDERSR. PTheONg
OF THE INVENTI ON 100131 ferrin draw g i r
depi ot s B! M GONPR s et feb o aubreb Y shdio it spREaE, ol
11 i nst ahdckide Wirhing mper'mmmﬁqtpreafaembérypohhns ofiphe dspnare entallyf idgaical to
punp 12 hat s a.seal 4 att dtoit and an electric
not or %iﬁﬂhsg éiSS‘?ﬁa&d ‘f‘?eﬁfl bligosgl%‘n CRtor 16 has a shaft (not

shown) that connects to the seal section shaft and is connected to

th trif | 12. Th rrbl d 18
ocat ed et When Ml asmblyfira £E Tior bog BoRE pERmsits Bpipsprognt o

connect Sidfafent diFfueE. Zfhetdifflisef RN Sard tttas Wedrlockddubith d8h totheR arid @é@i@ﬁcally
tank (not shown). 100141 Referrl ng to Figure 2, the centrlfuga

12 has d9Fkskinsplaes t Repveptrofiinatelat i, i th@hezr?mg #ad egshsther pxty ﬁé}ﬂ@e“ats r?tﬁté

conponengdeothe RfRerd 1 TReNMfilser 6BEM RED Dnahs Baklordfe AROANN ahd tRNAAHEO Mk
that extends axially through the punp. One or nore diffusers 21

(e.qg., t%e%%’émledéﬁéa%mﬁhﬁéﬂ@esmdb@elﬂsed) are co-axially positioned
Wi t hin housing 27 and have an inner portion with a bore 31 through
whi ch shaft 29 extends. Each diffuser 21 contains a plurality of
passaged0®3] imerte ambodiment lsachuitage vhthe glatk basan oring EBardyvifecssalingdeBren the

defined g t

Contror BEELARER, PR OYaS), e SRS I B
ext endi rhgus:mg alsudsigant iiaubleythamdmrabnthdnbmgxﬁtﬁmcc thecantirecsech vglb eds8y slide
appl i Cabrllt% tﬁe%ousnége g/tttxou?v%t&)feo gn%e OI\ISQI by ulﬁlzmg an o-ring between every stage, the head

performance per stage may be increased without losses due to leakage.

[0006] Since there is no compression required in this stack due to the cast-in lugs for anti-
rotation, the stack is held in place by other simpler devices, such as a retaining ring on the ID of
the housing. Replacement of the conventional threaded top compression bearing allows for more

stages per housing to be assembled, thus increasing value.
[0007] The foregoing and other objects and advantages of the present invention will be apparent

to those skilled in the art, in view of the following detailed description of the present invention,

taken in conjunction with the appended claims and the accompanying drawings.

3-



100151 An inpeller 20 (only one shown) is typically |ocated within
each diffuser 21 to forma "stage" or sub-assenbly. Inpeller 20 al so
i ncludes a bore 33 that extends the length of inpeller 20 for
rotation relative to diffuser 21 and is engaged with shaft 29.

| mpel I er 20 al so contains passages 34 that correspond to the openings
in the diffuser 21. Washers (not shown) are placed between the upper
and | ower portions between the inpeller 20 and diffuser 21. 100161

I mpel lers 20 rotate with shaft 29 to increase the velocity of the
fluid 18 (Figure 1) being punped as the fluid is discharged radially
outward through passages 34. The fluid flows inward through passages
32 of diffuser 21 and returns to the intake of the next stage

i npel l er 20, which inBRIBERESCRIPTIONQF FHEDRAWINGSS f | owi ng

t her et hrough. Increasing the nunber of stages by addi ng nore
inmpellers 20 and diffusers 21 can increase the pressure of the fluid.
100171 Heq08} Bo rigt thgananntran Frhijnhrtbs fe2tudes and edvantged iofirt prastntdindehties which
assenbl y . ri ses the housing,27.havin ne or .nore of the diffusers
21 coaxtil GEI ALRSEFE A eXtaned a0 L bR pperond (i dhde Sprap el it
bot t om absctiptiora®$ el lipventiora beiefly snmmarizld smuaatay Bs hatdl by beferdascrol bed

herein, the diff d.within the housing 27 t t
el ot v SRR TG B AR FORE SDRtBt BT SRR "B hbe

in a rangeifthtiéh. 003 th ®e Q0RO owaeHeHatBY Aadings ilRfRE ofll avkd ehsoddhents
di ffusers 21 and ap  inner dianeter of the housi 27. Thus, , the,
i ndi vi dd% n¥gnigaan FRCIRHRES afeotok teiBe ARISICRES UMt et WhRemSdhe etop gnay
t he housiiRd t@dther ldRAB LEARM ebbditiems. 21 conprises a cylindrical body
having at | east one lug 41 (e.g., three) extending therefromin an
axial direction. A conplenentary recess 43 is fornmed in the
cyli ndrijggvo) PRdye @t aNpirBetdvd $i8ie o @htrfidaf hinp Wi QBRASH IL ALiAGN | diGell,
41. In the enbodi nent shown, the |lugs 41 and recesSes 43 are
gener al Icgnstregtedisgatoadancewith Beiinventigfyt arcuate in shape to match the
curvature of the cylindrical diffuser 21. The lugs 41 and recesses 43
may be iéggetrically arrayed castellations that engage and nest in

n

equal I Bigyse 2 fronpectiard $i9% viEweof coprpmbedimenirof ardeifussrswack 448 thequaipyad
and nestg. ' ' ' nt diffusers 21 to form
an integ?%gﬁggﬁi%ggwkﬁ aﬁlé?gggﬁ%iékgﬁgﬁﬁ%@ﬁﬁbtation bet ween t he
di ffusers 21 and the housing 27. However, in one enbodi nent, the
recesse S not. . 1% ial, contact w th .each her,
(see oL Byl 355 BheliSofilc FRES: BX BrciiRe e MRS Pht iy,
prevent stack aff Figure\2i aad ¢sooohsinktel &t aveadarcavith dle isveatibrdend 61, 63
(conmpare Figures 3 and 4) on lugs 41 and in recesses 43,
respectively. In addition, the radial outernost shoul ders 65, 67 al so
do not rfeke] Bigusd 4donait apper Wohdetradiw of hier diffases O Wipuby 3tdné is taistructedi ial
gaps therletmee in.Fi%yre 2.

accordance with the invention.



[00201 In addition, a sealing nmenber, such as an o-ring 45 (Figure
2), is located on an exterior surface of each diffuser 21. In the
enbodi nent shown, o-rings 45 seat in a circunferential recess 49
(Figure 3) located below (i.e., axially spaced apart from and
radially inward of the recesses 43. The o-rings 45 seal against a
radially recessed inner surface 47 (best shown in Figure 4) formed on
axially adjacent diffusers 21. Each diffuser 21 also has a pair of
axi ally opposed upper and | ower shoul ders 51, 53 upon which the
assenbl ed diffusers nmake axial contact and seat. In the enbodi nent
shown, shoulder 51 is forned adjacent the radially recessed inner
surface 47 axially opposite lugs 41, while shoulder 53 is | ocated on
an exterior of diffu osi tioned

bet ween vanes 23 and%@éiEﬁgﬁggwggﬁmﬁmﬁﬁhﬁgﬁt an upper

end of the stack of diffusers 21 are nmechanically |ocked to the
housi ng [M18hReferriag dp niha grawings. Figumaat gpuerabiy depisth # ivalin 19 rvidy an electrical
ci rcunf 5By P b BaifddCo S i1 Asdnflil PeBlpdddds
P i R
coupl ed cenrifupd poinpfld dkat dapa saal sehtxonel4gattaclad mw@nchgn eldqp@ motoy 16 stnmerged
mechani

the noud ag U dRRCEE TR ALk RERMa SRF (Rt Ay Mol LUBELS he £ BYERaMT Bha
27. | n tehé iecdnoehtadetot the hmmfugalhmrrrpellal dhagump ragseﬂxblyahki anchwelt dual 1 arg
tube 75 ar ate e th St ae K The h pt er d
to the acfa%gen(Pl gsulg¥>ﬁﬁ¥ aﬁa Ofﬂl lﬁyd% ?% rwgsa)ubwﬁiﬁ%hg
seal s agmmmssmsuemauﬂlsioaﬂhmghmukﬁmgﬂmdapter 77 al so has a housing
seal nmenber 79 for sealing with the housing 27. In one alternate
enbodi nent, a groove nmay be mlled on the ODs of the diffusers to
accept qmma] Refening iy Flgays 2 ohk cmnmgadepnmb azhes sh klie2s wepe ubtilagkdusiag 27

(SACD) , TharFER MED Thibe feIPoay TR Thel HUUL igMads &Pt ch Gl
woul d ¢ H&ﬁorﬁ’)rtﬁa\tle%ﬁdsdﬁﬁdllgﬂﬁoﬁgh th@;&ﬁq;ﬁcwﬁéroe&ﬁwmﬁ;s%ﬁ (&2S Swddhown, and
conpreSS|mHﬁLor stages is such that the &ﬁte of. thermal expansion for

the st agundiesaRavare ST oAty poRiPIEd At hgrhonsiee Ro 380 Agy/eviini ‘eper portion

t hrough ifherssd 3 ICt}iRalu%H‘G/hncﬁ‘éﬁ‘dH UBdend s AR A AiffBG 23 BB b PrueARPSHAShRR
set. Any subsequent thermal cycling where the stage expansi on cannot

keep upithah exterd thewsh ty dffpgndl cﬁ«'fwb\mmﬁagpéges definsd by yprss 28 AFighee Hithaje

stack. HoMRY&llically (;ulﬁvérh' ?roh@@eg{rhloa?ea IuRPYE1s @gaﬁalrmg &, Svith, passages 32
conpensated for and s still maintalin therr |ocked positio

bet ween exsteadjesin amé%antlailx t@gtahplalm ehhie drshjonradsqus appdicabdmiomeized fhnw types of
beari ng jekjpinated fromthe invention, the housing is not subjected
to any undue stress fromthe torquing of the bearing. [0023J Wile
the invention has been shown or described in only sone of its forns,

it shoula% I ' npt

ool lgSe RERRAERSo ] BAEe3) MOH-L Rl 8D Aol B,

t he scopsagsf ot fub- aswmbi}t, i lepeller 20 also mcludes a bore 33 that extends the length of impeller
20 for rotation relative to diffuser 21 and is engaged with shaft 29. Impeller 20 also contains
passages 34 that correspond to the openings in the diffuser 21. Washers (not shown) are placed

between the upper and lower portions between the impeller 20 and diffuser 21.

[0016] Impellers 20 rotate with shaft 29 to increase the velocity of the fluid 18 (Figure 1) being
pumped as the fluid is discharged radially outward through passages 34. The fluid flows inward
through passages 32 of diffuser 21 and returns to the intake of the next stage impeller 20, which



Clains: 1. An electrical subnersible punp assenbly, conprising:

a notor coupled to a seal section, which in turn is coupled to a
punp, wherein the punp conprises: a housing having an axis; a
plurality of diffusers nmounted in the housing, each diffuser
conprising a cylindrical body having at |east one |ug extending
therefromin an axial direction, a conplenentary recess forned in the
cylindrical body extending in the axial direction opposite the |ug,
the conpl enentary recess receiving and nesting a respective lug on an
axially adjacent diffuser to forman interl ocked stack that prevents
relative rotation between the diffusers; a seal i ng nenber

| ocated on an exterior of each diffuser, and a surface fornmed on each
di f f userinéreats therprassuae SEdluidvil § Hotving therathtangh. mendbeasing nhd Memtsex iodlstayes by

| oaor iR e 10 e @scfi] e nERRE MRassrer oo PG 5 housi ng

seal nmenmber that seals with the housing. 2. A punp assenbly

ta gcor di r}gﬂb? R%l‘e?rlmrg e}gainv%eii‘lf}glupest P—S, grllef gm So%{nfenta%? di u%Qraarllslsgn?}ll)li %o&;oar(l;siése %w
housing 27 having one or more of the diffusers 21 coaxially mounted therein. The stack of
diffusers 21 rests on the bottom of the assembly in a conventional manner. As will be described
herein, the diffusers 21 are mounted within the housing 27 to prevent relative rotation
therebetween. In one embodiment, a radial clearance in a range of 0.003 to 0.005 inches
separates outer diameters of the diffusers 21 and an inner diameter of the housing 27. Thus, the

individual stages in the stack do not make contact with or seal to the housing 27.

[0018] Each diffuser 21 comprises a cylindrical body having at least one lug 41 (e.g., three)
extending therefrom in an axial direction. A complementary recess 43 is formed in the
cylindrical body extending in the axial direction opposite the lug 41. In the embodiment shown,
the lugs 41 and recesses 43 are generally rectangular in profile, but arcuate in shape to match the
curvature of the cylindrical diffuser 21. The lugs 41 and recesses 43 may be symmetrically

arrayed castellations that engage and nest in equal numbers as shown.

[0019] The complementary recesses 43 receive and nest respective lugs 41 on axially adjacent
diffusers 21 to form an interlocked stack that prevents relative rotation between the diffusers 21
and the housing 27. However, in one embodiment, the recesses 43 and lugs 41 do not make axial
contact with each other (see small axial gaps therebetween illustrated in Figure 2), but only
prevent rotation via contact between lateral shoulders 61, 63 (compare Figures 3 and 4) on lugs
41 and in recesses 43, respectively. In addition, the radial outermost shoulders 65, 67 also do not

make axial contact with each other as shown by the small axial gaps therebetween in Figure 2.
[0020] In addition, a sealing member, such as an o-ring 45 (Figure 2), is located on an exterior

surface of each diffuser 21. In the embodiment shown, o-rings 45 seat in a circumferential recess

49 (Figure 3) located below (i.e., axially spaced apart from) and radially inward of the recesses
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the housing to prevent rotation therebetween. 3. A punp assenbly
according to claim?2, wherein the interlocked stack is nechanically
| ocked to the housing with a retaining ring nounted in a recess
formed in the housing, and a retaining tube extends fromthe
retaining ring and is coupled to the at |east one diffuser. 4. A
punp assenbly according to claim3, wherein the retaining ring and
the retaining tube are | ocated above the interl ocked stack. 5. A
punp assenbly according to claim1l, wherein the at | east one |ug
conprises a plurality of symetrically arrayed castellations that are
adapted to engage and nest in an equal nunber of conplenentary
recesses on the axially adjacent diffuser. assenbl

accor di fg- tBec-dagn4b, setlragriastn taH@llhwsqs%bma«erasatfeqe 4€7e¢bp$t@h¢wry iﬂséisw@r‘t)s
the i nt gp)QQke0adlR G dobht [diusBRUAT NBcANGERRECY L AISS hhL) kit 8P axially opposed

t her ebet ween.
upper and lower shoulders 51, 53 upon which the assembled diffusers make axial contact and

seat. In the embodiment shown, shoulder 51 is formed adjacent the radially recessed inner
surface 47 axially opposite lugs 41, while shoulder 53 is located on an exterior of diffuser 21,

both axially and radially positioned between vanes 23 and recess 49.

[0021] In one embodiment, an upper end of the stack of diffusers 21 are mechanically locked to
the housing with a retaining ring 71 that is mounted in an inner circumferential recess 73 formed
in the housing 27. A retaining tube 75 is mounted to and extends from the retaining ring 71 and
is coupled to the diffusers 21 with, e.g., a housing adapter 77 that mechanically engages an
adjacent one of the diffusers 21, such that the housing adapter 77 vertically supports the stack in
the housing 27. In the embodiment shown, the retéining ring 71 and the retaining tube 75 are
located above the stack. The housing adapter 77 is sealed to the adjacent diffuser with an o-ring
45 (described above) that seals against surface 47. The housing adapter 77 also has a housing
seal member 79 for sealing with the hoﬁsing 27. In one alternate embodiment, a groove may be
milled on the ODs of the diffusers to accept complementary keystock in order to hold the stages
together.

[0022] In certain applications such as steam assisted gravity drain (SAGD), the heat of the well
may cause the housing to stretch which would cause previous designs to lose compression. This
loss of compression for stages is such that the rate of thermal expansion for the stage material is
different than that of the housing which, through thermal cycling, eventually causes the stages to
compression set. Any subsequent thermal cycling where the stage expansion cannot keep up
with the housing expansion will lose compression on the stage stack. However, with the
invention, any housing stretch is compensated for and the lugs still maintain their locked position
between stages. Also, with the previously required compression bearing eliminated from the

invention, the housing is not subjected to any undue stress from the torquing of the bearing.
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7. A punp assenbly according to claim1, wherein a radial clearance
of 0.003 to 0.005 inches separates an outer dianeter of the at | east
one di ffuser and an inner dianeter of the housing such that the
diffusers are free of contact with and are unseal ed to the housing.

8. An electrical submersible punp assenbly, conprising: a notor
coupled to a seal section, which in turn is coupled to a punp,
wherein the punp conprises: a tubular housing having an axis; a

plurality of diffusers coaxially nmounted in the tubular housing to
prevent relative rotation therebetween, each diffuser conprising a
cylindrical body having at |east one |ug extending therefromin an
axial direction, a conplenentary recess formed in the cylindrical
body ex{R3l Wile Hlet'h‘@ng ks beern et on dessplssi in enly emp gfits fomas, it should be
conpl engply nytortﬁs§ss§ulwﬁﬁh¥'angha%rﬂs H@lsslo'lﬁ&gfea m%&&gﬁﬁe kd'Garflls @fanges
axi al l'y adj acent fuser to forman interlocked stack that prevents
rel ati v@lﬁhmtdpwmﬁrmgfm@eﬁcwhef@ﬁﬂwms a seal i ng nenber

| ocated on an exterior of each diffuser, an inner surface formed on
each diffuser that fornms a seal with a sealing menber on respective
axially adjacent diffusers; and the diffusers are free of contact
with and unsealed to the tubular housing. 9. A punp assenbly
according to claim8, wherein: the diffusers are nmechanically
| ocked to the tubular housing with a retaining ring nmounted in a
recess formed in the tubul ar housi ng;



a retaining tube extends fromthe retaining ring and is coupled to
the diffusers; and the retaining ring and the retaining tube are

| ocat ed above the diffusers. 10. A punp assenbly according to claim
8, wherein the at | east one lug conprises a plurality of
symmetrically arrayed castellations that engage and nest in an equal
nunber QpdingO NPl enent ary recesses on respective axially adjacent

di ffusers. 11. A punp assenbly according to claim8, wherein the
seal i ng nenbers conprise o-rings, and further conprising a housing

adapt ef mouRf ARG SEALRIL rﬁﬁ‘@ss%b?r Sonthirfsdgser s, the housing
adapter having a housing sea hat seal’s with the tubul ar

housi ng, suemotdiabuplérbtorrogsli saeficad wbicknn em isiconpled tosampypap, tvdhetdyethe pump
di ffusers in the tubular housing. 12. A punp assenbly according to
claim 8""Wfi&fein a radial clearance of 0.003 to 0.005 inches
separ at es amhousiigfhadlingrmtaeiss of the diffusers and an inner dianeter

Compr i si ng: @ PRl & H3isre BOUHFbR (honeEsG8arach SULIS OO GR oA TR |
coupl edodyonRidd I Rast A8 1§ e tdrldch oRHEBHGATRAA S8R direction, a complementary recess
formed in the cylindrical body extending in the axial direction opposite the lug, the
complementary recess receiving and nesting a respective lug on an axially adjacent diffuser to
form an interlocked stack that prevents relative rotation between the diffusers;
a sealing member located on an exterior of each diffuser, and a surface formed on each
diffuser that forms a seal with the sealing member on the axially adjacent diffuser; and
a housing adapter mounted and sealed to at least one of the diffusers, the housing adapter

having a housing seal member that seals with the housing.

2. A pump assembly according to claim 1, wherein the diffusers are mechanically locked to

the housing to prevent rotation therebetween.

3. A pump assembly according to claim 2, wherein the interlocked stack is mechanically
locked to the housing with a retaining ring mounted in a recess formed in the housing, and a

retaining tube extends from the retaining ring and is coupled to the at least one diffuser.

4. A pump assembly according to claim 3, wherein the retaining ring and the retaining tube

are located above the interlocked stack.

5. A pump assembly according to claim 1, wherein the at least one lug comprises a plurality
of symmetrically arrayed castellations that are adapted to engage and nest in an equal number of

complementary recesses on the axially adjacent diffuser.



a housing having an axis and a recess; a plurality of diffusers
coaxially nmounted in the housing to prevent relative rotation

t her ebet ween, each diffuser conprising a cylindrical body having at

| east one lug extending therefromin an axial direction, a

conpl ementary recess fornmed in the cylindrical body extending in the
axi al dj I eCAipampepfRasly eccoiing taglaite wherf thekodsaigyadapeeesticatlg @uptony
and nesting a.respective lug on _an axially adjacent diffuser to form
an int weﬂ%f&eg ﬁta%}kmtfh%%mﬁ%vaeﬁpgevm Etape (hGEMEYV SR bet ween t he

di ffusers; a sealing nenber |ocated on an exterior of each

di ffuser, and an inner surface forned on each diffuser that forns a
seal wWth aAgwalpiasgpmmdyrigserding toetgyads mhercaxd milial clagpresei 0.088 14 49eT s ;

a reta ed | ' f
mechani oA bt e R et 53t MRER s lncter o oo on
t her ebhmumgmuclam@lt the dgfaem aregfrdeuieomxdtevich ang afa wisedlédetorthd Bousingg ri ng
and coupled to the diffusers; and a housi ng adapter nounted and
sealed to one of the diffusers, the housing adapter having a housing

seal ”@”berAhQ%Etrﬁ%uSmwslﬂl'e%dlﬂp hausbggeonfitsthgt hat the housing
adapter vertically supports the diffusers in the housing. 14. A punp

assenbl y aceBwodirgeurler ©lagich segiomyichiimtugies caupled tsa pusmip Wheepin the pump
conpri g&s,@pl urality of symetrically arrayed castellations that
engage a nest in an equal nunber of conplenmentary recesses on
respecti ve awibalal owsdjgdmeinly adiakfsuser s.

a plurality of diffusers coaxially mounted in the tubular housing to prevent relative
rotation therebetween, each diffuser comprising a cylindrical body having at least one lug
extending therefrom in an axial direction, a complementary recess formed in the cylindrical body
extending in the axial direction opposite the lug, the complementary recess receiving and nesting
a respective lug on an axially adjacent diffuser to form an interlocked stack that prevents relative
rotation between the diffusers;

a sealing member located on an exterior of each diffuser, an inner surface formed on each
diffuser that forms a seal with a sealing member on respective axially adjacent diffusers; and

the diffusers are free of contact with and unsealed to the tubular housing.

0. A pump assembly according to claim 8, wherein:

the diffusers are mechanically locked to the tubular housing with a retaining ring
mounted in a recess formed in the tubular housing;

a retaining tube extends from the retaining ring and is coupled to the diffusers; and

the retaining ring and the retaining tube are located above the diffusers.
10. A pump assembly according to claim 8, wherein the at least one lug comprises a plurality

of symmetrically arrayed castellations that engage and nest in an equal number of

complementary recesses on respective axially adjacent diffusers.
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11. A pump assembly according to claim 8, wherein the sealing members comprise o-rings,
and further comprising a housing adapter mounted and sealed to one of the diffusers, the housing
adapter having a housing seal member that seals with the tubular housing, such that the housing

adapter vertically supports the diffusers in the tubular housing.

12. A pump assembly according to claim 8, wherein a radial clearance of 0.003 to 0.005

inches separates an outer diameters of the diffusers and an inner diameter of the tubular housing.

13.  An electrical submersible pump assembly, comprising:

a motor coupled to a seal section, which in turn is coupled to a pump, wherein the pump
comprises:

a housing having an axis and a recess;

a plurality of diffusers coaxially mounted in the housing to prevent relative rotation
therebetween, each diffuser comprising a cylindrical body having at least one lug extending
therefrom in an axial direction, a complementary recess formed in the cylindrical body extending
in the axial direction opposite the lug, the complementary recess receiving and nesting a
respective lug on an axially adjacent diffuser to form an interlocked stack that prevents relative
rotation between the diffusers;

a sealing member located on an exterior of each diffuser, and an inner surface formed on
each diffuser that forms a seal with a sealing member on respective axially adjacent diffusers;

a retaining ring mounted in the recess in the housing for mechanically locking the
diffusers to the housing to prevent rotation therebetween; and

a retaining tube extending from the retaining ring and coupled to the diffusers; and

a housing adapter mounted and sealed to one of the diffusers, the housing adapter having
a housing seal member that seals with the housing, such that the housing adapter vertically

supports the diffusers in the housing.
14. A pump assembly according to claim 13, wherein the at least one lug comprises a

plurality of symmetrically arrayed castellations that engage and nest in an equal number of

complementary recesses on respective axially adjacent diffusers.
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