SYSTEM METHOD, AND APPARATUS FOR STACKABLE MULTI - STAGE DI FFUSER W TH
ANTI - ROTATI ON LUGS BACKGROUND OF THE I NVENTION 1. Technical Field [0001]
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] Milti-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
housi ng. The diffuser stack is subjected to conpression by a bearing that
is threaded into the housing until it mnakes contact with the top of the

di ffuser stack. The bearing is tightened to a calculated length, thus
conpressing the stack. This design prevents the diffusers from spinning

i nside the housing during operation due to the inpellers that rotate inside
them The stack typically has grooves wth o-rings that are | ocated on the

out er di amsTEENIOMEPHOD)AND ARBERATUS FORISTACKABILY MIALTESTAGE: | nner
di ameter (I of the housing i1tself. The o-rings are axially spaced apart in
"1 approximaiel y one- | AMFEUSER WITH ANFIROIATIONLUGS al | ength of the
stack to contain any |eakage between the diffuser faces and the housing.

Al t hough the o-rings are closely spaced apart, they are not used at every

stage since the assenbly and/or disassenbly fromthe housing

BACKGROUND OF THE INVENTION

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



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 inproved diffuser stack design that overcones these
limtations woul d be desirable. -2 SUMVARY OF THE | NVENTI ON [ 0003] One
enbodi nent of a system nethod, and apparatus for a stackable nulti-stage
diffuser wth anti-rotation lugs for an ESP is disclosed. Each stage of the
di ffuser assenbly is provided wth one or nore "cast-in" lugs and

conpl ementary recesses in the diffuser walls. The lug features may conprise
cast elenents that do not require additional mlling operations. The
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sinpl er than conventional designs since the entire stack wll easily slide



into the housing without interference. Al so, by utilizing an o-ring between
every stage, 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 lugs for anti- rotation, the stack is held in place by

ot her 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 value. [0007] The
foregoi ng 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 cl ainms and the acggmmwgpdrﬁmnlmNTﬁ)ﬁRl EF DESCRI PTI ON OF THE
DRAW NGS [ 0008] So that the manner in which the features and advant ages of

the present invention, which wll becone apparent, are attained and can be
under st | C |
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enbodi nment s 009]" Figure 1 is a perspective view of a centrlfuga punp

di spos erdaqhmeatummg dperaﬂcmsmulred foonther pottieds iof thecdrsigtaare o/ inwalli idengical to

I nvent ItHos’e of other designs and thus add negligible cost to the part.

J0004] When stacked in assembly order, the lugs of one diffuser nest inside the recesses of an
adjacent diffuser. The diffuser sections are thus interlocked with each other and mechanically
locked in place to prevent rotation relative to the housing and each other as the impellers rotate
inside the diffusers. The diffuser stack rests on the base of the assembly and the stages are

nesied and sealed to each other as described herein.

[0005] In one embodiment, each stage of the stack has an o-ring to provide sealing between the
stages without burdening assembly, and there is only one direct seal between the stack and the
housing. This design is simpler than conventional designs since the entire stack will easily slide
into the housing without interference. Also, by utilizing 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.



[0010] Figure 2 is a sectional side view of one enbodi nent of a diffuser
stack of the punp of Figure 1 and is constructed in accordance with the
invention; [0011] Figure 3 is a lower isonmetric view of one enbodi nent of a
single diffuser of the diffuser stack of Figure 2 and is constructed in
accordance with the invention; and [0012] Figure 4 is an upper isonetric
view of the diffuser of Figure 3 and is constructed in accordance wth the
i nvention. -4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0013] Referring to the
drawi ngs, Figure 1 generally depicts a well 10 with an el ectrical
subnersi bl e punp (ESP) assenbly 11 installed within. The punp assenbly I
conprises a centrifugal punp 12 that has a seal section 14 attached to it
and an el ectric notor ARIEHHINESPTION OF'EIE DRAW The notor 16 has a
shaft (not shown) that connects to the seal section shaft and is connected
to the centrifugal punp 12. The punp assenbly 11 and well fluid 18 are
| ocat e Y asing 19,  .which .. art. of the ll 10. Pu 12 cpnpects
ot ubiiniebSofnd h Bafithe )8 vl GE riaRurREiy alyencafes OF i Argion] B 580 EERown)
[ 0014] vRefigdching Capparefr, i€ exttdined N d CRAt bd Lin@adtoddl i rlete hidSaiRmeérsi gartdlaand a
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on and-thérefore are not to be considered limiting of its scope as the invention may

admit to other equally effective embodiments.

[0009] Figure 1 is a perspective view of a centrifugal pump disposed in a fluid in a well,

constructed in accordance with the invention;

[0010] Figure 2 is a sectional side view of one embodiment of a diffuser stack of the pump of

Figure 1 and is constructed in accordance with the invention;

[0011] Figure 3 is a lower isometric view of one embodiment of a single diffuser of the diffuser

stack of Figure 2 and is constructed in accordance with the invention; and

[0012] Figure 4 is an upper isometric view of the diffuser of Figure 3 and is constructed in

accordance with the invention.



32 that extend through the diffuser 21. Each passage 32 is defined by vanes
23 (Figure 3) that extend helically outward froma central area. D ffuser
21 is a radial flowtype, with passages 32 extending in a substantially
radi al plane. The invention also is applicable to m xed flow types of
di ffusers. [0015] 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. Inpeller 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.(&8016 I mpel lers 20 rotate with shaft 29 to
rglt})ﬁi@n

i ncrease the vel oci t DEFAILED DE§ AHB INKENIJONunped as the fluid
I's discharged radially outward through passages 34. The fluid flows inward
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one enbodi nent, a ra I”>cl'earance 1'n a range o nches
conveys the well fluid 18 to a storage tank (not shown).

[0014] Referring to Figure 2, the centrifugal pump 12 has an axis 22 and a tubular housing 27
that protects many of the components of pump 12. Pump 12 contains a shaft 29 (shown in
phantom) that extends axially through the pump. One or more diffusers 21 (e.g., two shown, and
hundreds may be used) are co-axially positioned within housing 27 and have an inner portion
with a bore 31 through which shaft 29 extends. Each diffuser 21 contains a plurality of passages
32 that extend through the diffuser 21. Each passage 32 is defined by vanes 23 (Figure 3) that
extend helically outward from a central area. Diffuser 21 is a radial flow type, with passages 32
extending in a substantially radial plane. The invention also is applicable to mixed flow types of

diffusers.

[0015] An impeller 20 (only one shown) is typically located within each diffuser 21 to form a
"stage" or sub-assembly. Impeller 20 also includes 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



separates outer dianeters of the diffusers 21 and an inner dianeter 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 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
cylindrical body extending in the axial direction opposite the lug 41. In

t he enbodi nent shown, the lugs 41 and recesses 43 are general ly rectangul ar
in profile, but arcuate in shape to match the curvature of the cylindrical
di ffuser 21. The lugs 41 and recesses 43 may be symetrically arrayed
castell ati ons that engage and nest in equal nunbers as shown. [0019] The

conpl enent ar ecesses r e.and nest re ectlve
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md1v1dual 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 [ugs 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



fornmed 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
di ffusers make axial contact and seat. In the enbodi nent shown, shoul der 51
is formed adjacent the radially recessed inner surface 47 axially opposite
| ugs 41, while shoulder 53 is |ocated on an exterior of diffuser 21, both
axially and radially positioned between vanes 23 and recess 49. [0021] In
one enbodi nent, an upper end of the stack of diffusers 21 are mechanically

| ocked to the housing with a retaining ring 71 that is nounted in an inner
circunferential recess 73 formed in the housing 27. A retaining tube 75 is
nmounted to and extends fromthe retaining ring 71 and is coupled to the

di ffusess 2fe WirlnBs 48-sBal, agBinSO4 sddMIyAdAREAQN indel dubfde FEERANEHAN ¥ ﬁgﬁmﬁs an
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together. [0022] In céertain applications such as steam assisted gravity

drain (SAG), the heat of the well nmay cause the hou5|ng to stretch which
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event uailnltg/e l%auléligsﬂt r)‘Xere:%atlralll%gStutE‘E: 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.



conpression set. Any subsequent thermal cycling where the stage expansion

cannot keep up wth the housing expansion will | ose conpression on the
stage stack. However, with the invention, any housing stretch is
conpensated for and the lugs still maintain their |ocked position between

stages. Also, with the previously required conpression bearing elimnated
fromthe invention, the housing is not subjected to any undue stress from
the torquing of the bearing. -7 [00231 Wile the invention has been shown or
described in only some of its fornms, it should be apparent to those skilled
inthe art that it is not so limted, but is susceptible to various changes
W t hout departing fromthe scope of the invention. -8 CLAIMS Wat is

cl ai meqod23] WhileAn&lidveERSRI hALRENM M own SOTEREALRH M) onlyRoR@WT il ForhiY itodd baXi S;
and at |east one diffuser nmounted in the housing, said at |east one diffuser
conpr i $pprged to thpise akitled H the @dythaiat ismpt ae limétadtbus igesuserptiblettervarions chaegesf r om
in an aﬁh% tﬁgﬁﬁﬁé}%ﬂnhgsciﬁgfh% ALY recess formed in the cylindrica
body exten |n8 i'n“the axi a irection opposite the lug, the conpl enentary
recess being adapted to receive and nest a respective lug on an axially

adj acent diffuser to forman interlocked stack that prevents relative
rotati on between the diffusers, a sealing nenber |ocated on an exterior of
said at |east one diffuser, and a surface



formed on said at |east one diffuser that is adapted to forma seal with a
sealing nenber on the axially adjacent diffuser. 2. A diffuser assenbly
according to Claim1l, wherein said at |east one diffuser is nechanically

| ocked to the housing to prevent rotation therebetween. 3. A diffuser
assenbly according to Caim?2, wherein the at |east one diffuser is

mechani cally |l 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 diffuser assenbly
according to Claim3, wherein the retaining ring and the retaining tube are
| ocated above the at | east one diffuser. 5. A diffuser assenbly according to
Claim 1, wherein the at |east one lug conprises a plurality of
symmetrically arrayed castellationsciﬁéﬁﬂgre adapted to engage and nest in
an equal nunber of conplenentary recesses on the axially adjacent diffuser.
-9 6. Adiffuser assenbly according to Caim1, wherein the sealing nenber
conprises an o- ring, and further conprising a housing adapter nounted and
sealed to the at | east one diffuser, the housing adapter having a housing
seal neMiis ¢glgmedésl ing with the housing. 7. A diffuser assenbly according
to Caim6, wherein the housing adapter vertically supports the at | east
one di flf user diffusdnesdembdyi, ngmpmigingr event s rot ati on t herebet ween. 8. A

di f fuser asggg@&x ﬁccordiggyto Claim 1, wherein a radial clearance of 0.003
to 0.005 g having an ; and

at least one diffuser mounted in the housing, said at least one 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 being adapted to receive and nest 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 said at least one diffuser, and a surface
formed on said at least one diffuser that is adapted to form a seal with a sealing member on the

axially adjacent diffuser.

2. A diffuser assembly according to Claim 1, wherein said at least one diffuser is

mechanically locked to the housing to prevent rotation therebetween.

3. A diffuser assembly according to Claim 2, wherein the at least one diffuser 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 diffuser assembly according to Claim 3, wherein the retaining ring and the retaining

tube are located above the at least one diffuser.

5. A diffuser 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.



i nches separates an outer dianeter of the at |east one diffuser and an inner
di aneter of the housing such that the at |east one diffuser is free of
contact with and is unsealed to the housing. -10 9. A diffuser assenbly for
an electrical subnersible punp, conprising: a tubular housing having an
axis; and a plurality of diffusers coaxially nounted in the tubular housing
to prevent relative rotation therebetween, each diffuser conprising a
cylindrical body having at |east one lug extending therefromin an axial
direction, a conplenentary recess fornmed in the cylindrical body extending
in the axial direction opposite the lug, the conplenentary 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 ing nenber | ocated on an exterior of each diffuser, an inner surface

f or med en eé«cdﬁfmerr pess@blit aaerdingrtonklaimsle avhergin the apabeamen@ehmﬁew 0-
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tubul ar housing with a retaining ring nmounted in a recess forned in the
tubul ar housing, and a retaining tube extends fromthe retaining ring and

|5 counl ed u0yitier dlsthuBeLSorafdo Ciim 4 Shlehl MEh610E RAftet Nsicagyal ni ng tube

are | ocated above the diffusers. ffuser assenbly according to Caim
9, whemsepnorts the atdcaptams diffuser inthe h@mlagégreaentpmﬁﬁtmnl thﬁjteleﬁftwseprmet rically
arrayed castell ations that engage and nest in an equal nunber of

8. A diffuser assembly according to Claim 1, wherein a radial clearance of 0.003 to 0.005

inches separates an outer diameter of the at least one diffuser and an inner diameter of the

housing such that the at least one diffuser is free of contact with and is unsealed to the housing.

-10-



conpl enmentary recesses on respective axially adjacent diffusers. 12. A

di ffuser assenbly according to Claim9, wherein the sealing nenbers conprise
o- rings, and further conprising a housing adapter nmounted and seal ed to one
of the diffusers, the housing adapter having a housing seal nmenber for
sealing with the tubul ar housing, such that the housing adapter vertically
supports the diffusers in the tubular housing. 13. A diffuser assenbly
according to Claim9, wherein a radial clearance of 0.003 to 0.005 inches
separates outer dianeters of the-diffusers and an inner dianmeter of the
tubul ar housing. -11 14. A diffuser assenbly for an electrical submersible
punp, conprising: a housing having an axis and a recess; a plurality of

i fTUsers, CORMERLY YRR £ad Pl e IHFLEBIIAHE] Beybigipevent rel ative

rotation therebetween, user conprisin rical body having at
| east one | agubudarthentinmbavithgearedxigand n an axi al direction, a conplenentary

recess formed,in.th lindric bod .extendi,ng in the axi al irection
Cooesrt o e purRicy o amtserd Chidlly g B B P dhor Rt Ko Bied ety e
r espectrbtdgor mgreem&,axéwdirm@db@ﬁﬁmg deylindsied bb@y hfinp AledsidRicked st ack

that prevents relative rotation between the diffusers, a sealing nmenber
| ocat edxBAdiag thexafeom Brangrial disction; 4 erserlemerriery ageess foraed wuhy ewdreal hedy on
each diff il M8t P80 § Moy ¢ j ﬁﬁﬁy el I eEincaXi al Iy
adjaceﬁ%eﬁgﬁéﬁigrs?walﬁ%?ﬁ?nﬁﬂﬁlg?%guﬁb%ﬁ%g%ﬂgh t eﬁ%gceggﬁﬁﬁft él gﬁsing
f or meahespectalel lyg broakinglt dlgacedi diffusetosfotro ab ngerfoglied stgckt thatpreveswtrelatoteat i on
ther eb%t\gﬁgnnbet\%ge% 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.

10. A diffuser assembly according to Claim 9, wherein the diffusers are mechanically locked
to the tubular housing with a retaining ring mounted in a recess formed in the tubular housing,
and 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.

11. A diffuser assembly according to Claim 9, 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,

12. A diffuser assembly according to Claim 9, 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 for sealing with the tubular housing, such that the

housing adapter vertically supports the diffusers in the tubular housing.

13. A diffuser assembly according to Claim 9, wherein a radial clearance of 0.003 to 0.005

inches separates outer diameters of the diffusers and an inner diameter of the tubular housing.
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a retaining tube extending fromthe retaining ring and coupled to the
diffusers. 15. A diffuser assenbly according to Caim 14, wherein the at
| east one lug conprises a plurality of synmetrically arrayed castell ations
t hat engage and nest in an equal nunber of conplenentary recesses on
respective axially adjacent diffusers. 16. A diffuser assenbly according to
Claim 14, wherein the sealing nenbers conprise o- rings, and further
conprising a housing adapter nmounted and sealed to one of the diffusers, the
housi ng adapter having a housing seal nenber for sealing with the housing,
such that the housing adapter vertically supports the diffusers in the
housi ng. -12

14. A diffuser assembly for an electrical submersible pump, comprising:

a housing having an axis and a recess;

a plurality of diffusers coaxially mounted in the housing 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.

15. A diffuser assembly according to Claim 14, 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.

16. A diffuser assembly according to Claim 14, 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 for sealing with the housing, such that the

housing adapter vertically supports the diffusers in the housing.
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