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OFTHE I NVENTION 1. Field of the Invention [0001] This
invention relates in general to conditioning well
fluid that is punped to the surface froma subsea
well. More specifically, this invention relates to an
i npel l er configuration designed for fluids with a high
gas content entrained within the fluids. 2. Background
of the Invention 10002] Centrifugal punps have been
used for punping well fluids for many years.
Centrifugal punps are designed to handle fluids that
are essentially all liquid. Free gas frequently gets
entrained wwthinm well fluids that are required to be
punped. The free gas within the well fluidscan cause
trouble in centrifugal punps. As long as the gas
remains entrained within the fluid solution, then the
punp behaves normally as if punping a fluid that has a
| ow density. However, the gas frequently separates
fromthe liquids, [000 f ce of a
centrifugal punp i sEAdd 8 ed by the gas

due to the
INVENTOR(S):

2xr
{3
ll.! ] @8 X A~

Brown Lyle Wilson
Donn J. Brown

ATTORNEY DOCKET:
104-34620
TWO PHASE FL.OW CONDITIONER FOR PUMPING GASSY WELL FLUID

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] This invention relates in general to conditioning well fluid that is pumped to the surface
from a subsea well. More specifically, this invention relates to an impeller configuration

designed for fluids with a high gas content entrained within the fluids.

2. Background of the Invention
[0002] Centrifugal pumps have been used for pumping well fluids for many years. Centrifugal

pumps are designed to handle fluids that are essentially all liquid. Free gas frequently gets

entrained within well fluids that are required to be pumped. The free gas within the well fluids



separation of the Iiquid and gas phases within the
fluid stream Such problens include a reduction in the
w@evp/okiead, capacity, and efficiency of the puP@EI/ES2085/003453
result ofthe increased gas content within the well
fluid. The punp starts producing |ower than nornal . .
can causadronble inecagisfugd) nuansd Aslong antheges sempiay spgaied within the fluid
certain critical value, which is typically about 10 -
solutid:5 hdaythe plinpebehiVes motthallyyassif pombéatp a feidshatdas higw density. However,
gas blocks all fluid flow wthin the punp, which
the gaS QR RpRdfER fom HRIRERIs. 9as | ocked.” Separation of
thel1quid and gas in the punp stage causes slipping
between the |iquid and gas phases, which causes the
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and past experience. [0004] Many of the proble )

reducien; Brthgpamphaad, aRaciph aad ekjcigncy of depymp aaarresgﬁrpééhe increased gas
woul d be elimnated if the wells could be produced

contenti withia theimeflyed c Fhe pawip startsgiroducing vz thenenqruiah bead as the gas-to-
pressure to keep any entrained gas in the solution at

liquid! A€o PBRascslMSURd o ddhiath CAtiéAl Pald), Whitlots PRSIy shoufd0 ~ 15% by
help all eviate the problem gases are usually

volumif p@‘il?e‘i]eﬂe ?@E Tohtdfi n%ét? %o M@'é tﬁ'éa ngééf @{o kLall 1Rid YR, Wr‘?“f the pump,

! c
Intake to i'eve maxI mum clency, typica

. by installin as separatof,.upstream t he .
Wmc%%‘ﬁ?se'ﬁ?ﬁ Pé‘P:‘HgioatéegP@F \%E% [‘?c!igc;'ng P ogrogtg? hﬂﬁﬁjé{g}a%%s in the pump
of a ) since it i cessary_ to determ ne the ]
stage Grysgs ElpHing Betvepss tag lpid 20R, 428 PR SSnBIcH %Paf‘értpl? Gump fo experience
sel ect the proper pu and separator. Many tines, gas )
lowerdbayemernmal beagk e’iubmersiagmmswe genepallynselestasiphasgumingothat there is no

overcone the inherent limtations in centrifugal
slippage psvded GRS iw P plideed ey ewpdcting s@igk pprfogmancp hdodrupon actual field test
desi gned for gas containing |iquids consists of a set

data and past experience.

o

[0004] Many of the problexﬁs associated with two phase flow in centrifugal pumps would be
eliminated if the wells could be produced with a submergence pressure above the bubble point
pressure to keep any entrained gas in the solution at the pump. However, this is typically not
possible. To help alleviate the problem, gases are usually separated from the other fluids prior to
the pump intake to achieve maximum system efficiency, typically by installing a gas separator
upstream of the pump. Problems still exist with using a separator upstream of a pump since it is
necessary to determine the effect of the gas on the fluid volume in order to select the proper
pump and separator. Many times, gas separators are not capable of removing enough gas to

overcome the inherent limitations in centrifugal pumps.



of one-piece rotating vanes, situated between two di sk
type shrouds with a bal ance hole that extends into
we2wh/0gf27t he fl ow passage channel s forned by tPEr/US2005/003453

shrouds and two vanes adjacent to each other. The size
of the bal ance hol es, var et ween, punp desi gns,

[0005 DAty picalentrifassh nusen iRl Téag 1oh 89S eRAtARINgiaWds consists of a set
been attenpted in an effort to mnimze the

of oneipiced retating vaddsesitmtat bgwsen tyo fditk tpeahransstwith agedlance hole that
punps. However, even using these design changes in the

extends/TR®! dagli 6f e AP p@sﬁﬂ%d‘ ¢Hauels fanted Dy the Bbloudn andtwo vanes adjacent to
There are still problems with punp efficiency,

each d aoi‘ﬁé’ SIZE %?C{Re @ﬁﬁn&?‘ﬁoﬂe?% t%é%mﬁ%g:@éé%'ﬂg M8¥ihtions from the

|ds Wt gas conte
typica %ﬁ%@ 0006] Ce t on y lign‘%l qrchpr%S cﬁngt% 1 nnm weﬁﬁgﬁé%&ental effects
an inpeller. ThIS nventlon prOV|des a hov "ﬁ
of gasgaes ﬂﬁ’@ﬁr%ﬁ ngm@ga& PWEDSi oHPWEVSRe VT [Msing ‘?&F%Eh SSLE} ghanges in the
gaseous content for punping to the surface fromthe
impellexsind dze eunitifughlOP0T)s iAnakeriougnBhere sensili problatesvifh pump efficiency,
for punping a mxed flow of |iquid and gas. The wel |
capacipy) ipad) 2fé gid Wck hewelleproducing diellifhmidswith afhédH gas.colitent.
conditioning inpeller has a hub with a bore for
engagi ng a shaft for rotation therewith in a forward
rotation direction. The punp assenbly al so has a
stationary conditioning diffuser. The conditioning
di ffuser is juxtaposed with the conditioning inpeller
to receive fluid fromthe inpeller. The conditioning
di ffuser has a plurality of blades that incline froma
downstream side to a upstream side of the diffuser in
a rearward rotational direction. Each conditioning
inmpeller has a plurality of inpeller vanes extending
fromthe outer circunference of the hub of the
conditioning inpeller. Each of the vanes incline in
the forward rotational direction froman downstream
side of the inpeller,
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defining a | eading edge and a trailing edge. A radial
i ne passing through an outer end of the |eading edge
w@boosas27of the vanes is rotationally forward BPET/ES2005/003453
i nner end of the | eading edge of each of the vanes for
forcing liquid and gas radially inward and into the
di f fuser. [0008] SUNBMARY Q& FEl L ‘
honogeni zation to the two-phase flow due to the . .
{0006} Sentrifageh eudipsi gmartdengagy doraliftib Meing plEBpshhY| accelerating the fluid
nmount ed upstream or axially below an electric
throughUairenpdlivre Thisbnventiow peovidesconbeel nhethodvahd ahbpariatiis foheonditioning
gas conditioning section is within a tubular housing

b e ! ular
well ﬂ?ﬁgﬁtﬁ% H .{gass@?%:(foh%%t Rir gug}b% Rthe Sitéhediffdnh e uBseawell.

r ot npel | ér ach stage of inpeller
and diffuser results in an increase in well fluid

e e
pump\gg%lﬁ}{ﬂ' I }1({9-5[ hﬁf&ﬁﬁ%&é@ﬂw Ségqcyhlg} nainigef@{\] eil:qu hSs a hub with a

havi ngconventional inpellers for transmtting t5[§1e wel |
bore for emgaging iehshaflyfor Fetationyigerewiid; iy & fprwprd Hgtatiopdirection. The pump
mechani cally coupled to the punp shaft by a mechanical
assembhugalko hgs BRitFHonBESERIToNIDE eE DRe\wbndigopagodiffuser is juxtaposed
Figure 1 is a side elevation view of a centrifugal

with tRé/60hda eflerml rebsve fuid Fraia € idayetler. id conlitioning diffuser has a
invention and is disposed in a viscous fluid within a

| | oo Fi oy . . ] i

prcalf SRSk ind 010 it SPESp8Ekn M ohe it o
shown .in Fi.gure 1. 011] ..Eigure 3 i.s PR &n Vvi-e

rearw i BoprioRel e ogy  Ere andiipRtgarbsiies, Ret 4op Gl Pritipetier vanes
0012] Figure 4 is a top plan view ofa djfftiser o

exten&xﬁs fromn the PRigh FirgERtSTERCE of b by .ovfy[ﬂ@m@} ionjpp dmgelly. JEach of the
sectional view of an inpeller blade of the inpeller X

vanessinckiwe im e furward rodonsad ] directon dian ian doyestecpuc sideeof the impeller,
view the inpeller shown in Figure 3

defining a leading edge and a frailing edge. A radial line passing through an outer end of the

leading edge of each of the vanes is rotationally forward of an inner end of the leading edge of

each of the vanes for forcing liquid and gas radially inward and into the diffuser.

[0008] The improvements provide homogenization to the two-phase flow due to the split-vane
design. A gas conditioning section is mounted upsiream, or axially below an electric
submersible pump in conduit containing well fluid. The gas conditioning section is within a
tubular housing and includes a series of impellers and diffusers. A shaft rotates the impellers.
Each stage of impeller and diffuser results in an increase in well fluid pressure and turbulence in
the well flnid to proved homogenization between the gases and liquids in the well fluid. The gas

conditioning section is in fluid communication with an intake of a pumping section having



[0015] Figure 7 is a partial perspective view of the
inpeller of Figure 3 | ocated bel ow and rotating
wo edoapsizel to the diffuser of Figure 4. [0016] FCTUSB®0OB003453
is a sectional view of an alternative enbodi nent of a
centrifugal separator having the inpeller shogwn in. . .
converrtiqna} émpeliens) forifeangmiting she wrBiinid fo thegnetace. Qlib@m}iluomng shaft is
Figure 9 is a side elevation view of the alternative
mechanitatly icoupjed tqibepumpshaf by aghenhanical dsuplim@ 8 that is
constructed in accordance wthlbis invention and is
di sposed in a viscous fluid within a well
condui t DETAI LED DESCRI PTI ON QFTHE PREFERRED ENMBCDI MENT
[0018] Referring to Figure 1, an electrica
subnersi bl e punp assenbly 11 is shown installed within
a string of conduit 13. Conduit 13 can be a riser
extending froma subsea wellhead to a platformat the
surface, or coiled tubing extending into a subsea
well. Conduit 13 contains a well fluid 15 which flows
upward from a production region (not shown), In the
application of this invention, well fluid 15 will
typically be a heavy viscous crude and gas m xture.
[0019] Punp assenbly 11 includes a centrifugal punp 19
which is suspended in conduit 13 by a string of
production tubing 17. A plurality of punp inlets 20
are |ocated toward an axially |ower portion of punp 19
for receiving well fluid 15. Punp 19 is nounted at its
| oner end to a conventional seal section 23. An
el ectrical notor 25 is supported on the | ower end of
seal section 23. Seal section 23 seals well fluid 15
fromlubricant within electrical notor 25 and al so
reduces the pressure differential between the
hydrostatic pressure in the well and the interna
pressure of the lubricant in the notor. Additionally,
seal section 23 has thrust bearings for



absorbi ng axial thrust generated by punp 19.
El ectrical notor 25 is a large AC notor which is
waeepplosed wi th el ectrical power through a powePCT/ER1085/003453

27 extending down fromthe floating production

pl atform or vessel ln Figure 2, an

enlarged parBREEF DESCRIPEION $1E DRANVINGS o punp

is shown installed mrthln condU|1 13. Punmp 19 has

[00091c91|gur¢di1| sap sidenslenstion ngewoo! AofNH] élgz b pyaY a’tﬁﬁemhlﬁrconsfmcted in

I nner passage 31. A shaft 33 is be driven by the notor
accordahce( Witly thid inventiort 2ol is dispasgdung vi@onmﬁusiemluataevjelbgondm;

seal section 23 (Fig. 1). Inlet 20 locates in the

bott om of the housing 29 for drawing well fluid 15
[0010] Figorernssagectivhal viewtdfa portion iofiti caiirifugabpiidp off thepimnp assembly

Figures 1 and 2, punp 19 conprises an upper section 35
ﬂm“mﬂgﬁﬁﬁ“ pwer section 37. Upper section 35 produces nost

o e punping forces and generates a |l arge portion of

head for conveying well fluid 15 upconduit 15. Lower

I
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wel | qurd 15 by creating turbulence and m xi ng the

10012138 1o 3top plst ity pFH itFhsRCo! B8 botBRnERRRS bt Rikuid 1.

punplng sectlon of a punp 19 can handle a mell fluid

15 with a gas nt ent  of, up,t t 25%
[0013]cBighiechis 3 ACCUpRA PO RE RIPOFE EoR] o BRpELlEr aliyen in Figure 3.
section 35 can punp well fluids with up to about 40%
gas content. [0021] Up er sectl on 35 conprises a
[0014]pF1€W@I6 is\2 perspepibeT Vie pehogmoingfgEe 3di f f users 41
| ocated wi thin housing 29 Upper i npel l ers and
diffusers 39, 41 are alternatingly stacked over shaft
[0015]3Rigunsi 7 lis \wepdriif)l perepectibe endve of ige ippelierseficFigore 35ocated below and
through the axially Il owernost inpeller 39 and exiting

rotating REIGiveSahé @iffuder dfWigueR. t he axi ally upper nost
di ffuser 41. Each parr of upper

[0016) Figure 8 is a sectional view of an alternative embodiment of a centrifugal separator

having the impeller shown in Figure 3 and the diffuser shown in Figure 4.

[0017] Figure 9 is a side elevation view of the alternative centrifugal pump assembly shown in
Figure 8 that is constructed in accordance with this invention and is disposed in 2 viscous fluid

within a well conduit.



inmpellers and diffusers 39, 41 define a punp stage 43.
Each stage 43 works on well fluid 15 to lift well

wo bwwsdsr7pr edet er mi ned hei ght, or head, in conPCi/USDB5/003453
The amount of head, or distance well fI uid 15 travel S

19 Dueto S|zecnstra|nSW|th|n ) .
(001818 mr;g %Fw oAl Flecirics! sume?rélé)i% RGP rPﬁ‘é? 511 is shown installed
di aneter is not feasible. Therefore, there are
withintay giinglof porduil 1§ aConguit i3 pempe 3 risgesxtagling fiwnp b snbsearwellhead to a
of punp stages 43 conbi ne to generate enough head or
platforn i the sunfse] orf doilied tiing exterdisdimo uesbweh vail. (Cariduir 1 dihtains a well
the surface. The nunber of punp stages 43 is

fluid GSHALCH! v\ﬁel?ﬁ?rérP lq‘ﬂﬁg ’E}%ﬁ&u&ﬁﬂ%%ﬁ%g?%f%ﬁ%?ﬁgr o tfu% lication of this

conveyi ng tot 022] Upper

ek 8 Sy RSB S e

vvith shaft 33. Each inpeller 39 has an i nner portion

o013 SR Y o LB S5 AL s ondui 13 by

Therefore, each_inpeller 39 engages and stacks on the

string phprefpaionsubigg 17 heA Phorality of Brsp paletdi 45 losated tewagskan axially lower
43. Upper diftusers 41 slide over shaft 33 and around

portiomof pupgr 19 dprtdceiving3%ell firid ShaPumP319 inmawatedeat ¥ndower end to a
in the art, an outer portion of the axially |owernost

convezﬂicfnﬁl k@ TsedtoreDTATRS oRicdalididiar 3511k a6 ?}d’%dt &khd Sower end of seal
fi xedly connected to housi ng 29. An ou portion of

'sectloxf"gﬁj ?éa@ Redtiodiofaf dié?l? Welf'ﬁng fsst il %ﬁﬁrﬁ% e‘fgth"i‘ Yffotor 25 and also

ower nost I1ser

user._4 ) surfac pper dlffu 1 do, .
o &fw Rt R NS S RS thd B e e inerma
per. diffusers 41 to remain stationary within hou5|n% .
pressu@g«)ﬁ theakiprigant g0 fhp drotprp didditionally, sgad seeiom 24 drag ihgrust bearings for
33. [0023] An inpeller inlet 45 is located at a
absorbingtixadl| thrushgenethtarbby pampdP. tHlectiioalenoter 88 inh large IAC motor which is

upper
supplied with electrical power through a power cable 27 extending down from the floating

production platform or vessel (not shown).

[0020] In Figure 2, an enlarged partial view of electrical submersible pump 19 is shown installed
within conduit 13. Pump 19 has a cylindrical pump housing 29. Housing 29 has an axial inner
passage 31. A shaft 33 is be driven by the motor 25 (Fig. 1) mounted below pump 19 and
separated by the seal section 23 (Fig. 1). Iniet 20 locates in the bottom of the housing 29 for
drawing well fluid 15 into passage 31. In the embodiment of pump 19 shown in Figures 1 and 2,
pump 19 comprises an upper section 35 and a lower section 37. Upper section 35 produces most

of the pumping forces and generates a large portion of head for conveying well fluid 15 up



impeller 39 for receiving well fluid 15. An inpeller
outlet 47 is located at a radial outward portion of

wo b@soger side of each inpeller 39. Vanes 48 BXI/E8H05/003453
between inpeller inlet 45 and outlet 47. The path

n i LI I nl nd,. | 0 ] rved. .
condiSh . cEapuesRBany e o TGO oL 810 v e HBkmpoer section 35.
upper inpeller 39 to increase the fluid velpgity as ..
Lower pgséion spnditioppwal £aud 19 by ereating yrhplencesnd) %E%ﬁ%éleaaasws and liquid
radially outward and | ower portion of each upper
fluidscidf fhiat zes sédaratiomeisviess likdly to| ascuts inl Bppert sgction BAcr Aaypital pumping
velocity fromoutlets 47 of each upper inpeller 39. A

sectiof T 5130 06h hadiiva WelNflgidcls wHith fuse codtknes @nttsabout 25%. Lower
. radially inward and upward to a diffuser outlet 51.

i i lsb ' ' Wil ItRfds with up t
s BSIG AR B ¥k el Sl R s O s with p v
e 43. A volute passage 53 carries well fluid 15
about%h?@ngsrﬁﬁm%er section 35 flows to inpeller inlet 45
ofthe I owernost inpeller 39 fromlower section 37. An

[t volute , | ocated abaove the uppermpst pu st age,.

100215 et SestioB T EprPriRSH 4 DB KOS APPLGE o0 SPYditfusers 41
of the upper nost upper diffuser 41. Exit volute 55

locatedawithinhoneing 201 (pper impeliarsand diffusersodRy ilt arg 3ltemetingly stacked over
conveyance to the vessel or platformat the surface.

shaft $3)G2i well fluids BndmetingapipedfecpioiBs5 IBroaplothe dxially lgweanost impeller 39
and 2, shaft 33 extends axially through both upper and

and ckiBWB upiRE sbAidh 3 thrafgh? thePAARIY SppdinfoRt!BIffder 27, Each pair of upper

connect's the portion of shaft "33 ‘extendi ng through

impellti¥aid &ﬁﬁfs%rﬁ ?gﬁlgh Wbdidb ﬁgtgg? i?.f)a%b %? Q{acﬁ ek 433works gy well fluid 15 to

ext endi ng ["ower ower ~sect1 on

. ] ses | urglity of .| ower conditioning i l lers .

1t wild 12 PP tieditil e ar PRt BRI 43 SRR g pead, or distance
stacked wi thin housing, 29. Each pair_ of | ower )

well fuig dpteavels spcroadyis 43,dp incgepsed By ircreasingctbe diamasen ofgmpeliers 39 or by
stages 65. In the preferred enbodi nent, one | ower

including eddidond Staigss 4D tapuenp a%i Dueyto BiFe@monstrents fwithinpomp housing 29 and
diffiiser 63 in each stage 65. Accordingly, well

conduit 13, increasing impeller diameter is not feasible. Therefore, there are typically a plurality

of pump stages 43. The plurality of pump stages 43 combine to generate enough head or lift on
well fluid 15 to reach a vessel or platform at the surface. The number of pump stages 43 is

determined by the pumping requirements desired for conveying well fluid 15 to the platform.

[0022] Upper impellers 39, in a manner known in the art, slide over and attach to shaft 33 so that
impellers 39 rotate with shaft 33. Each impeller 39 has an inner portion that extends axially
upward around shaft 33 and engages the impeller 39 in the next pump stage 43. Therefore, each
impeller 39 engages aund stacks on the impeller 39 of the immediately preceding pump stage 43.

Upper diffusers 41 slide over shaft 33 and around of upper impellers 39 along shaft 33. Ina



fluid 15 entering punp 19 through punp inlet 20

engages one of |ower inpellers 61 before one of | ower
waledosnsers 63. Additionally, well fluid 15 exiPRCTYS2005/003453

| oner section 37 engages one of |ower diffusers 63

bef ore entering vol ute passag 3 on the way t er
mannefeknqvgh msthe gdoa) omkar PHAR qefoawﬂi iR §?WF%W&? ditfiser 41 engages
impeller 61 is shown fromthe side of inpeller 61 that .
protruilingi sunfadé 42 chgt iscfixedlyacameeted o iaiising [28wehn diufer prstions 9f additional
in a stage 65. This side is the downstream si de of

diffusérdrdll 6f edch gidp welge 431 abiove khe dowérmosndiffilsopdi staviedd the lowermost
61 fromthe side shown illustrated in Figure 3. Each

: j h - [ ' : 9,
Gt YE L1 sS85 0 o 6t S gt s

. ;over shaft A n h 70 for .0 bo indd .
which ity dBpl fustis: 51 %0 rohal ROy RS L BPtclaive 1o wpper
) f shaft 33 to, conpect lower inpellers 61 to shaft 33
mPel@EF%%%dTPE?P&EiSBﬁE?é - shaft 33 causes inpellers 61 to
rotate. A plurality of inpeller vanes 71 connect to
and extend radially outward fromthe ouyter .

[0023} AnduwrBerdnlet 45 is logaed 2t 2 redisdly iawardposdoryaf the dawergiigof each upper
extend along an axial portion of the outer surface of

impelten 396/6r bedeivwing wedllefloidp] 5. d Amninpelanosileedbis looptetl|atra radial outward
shown in Figure 3, and the | ower, upstream side of

portioh87eh¢ 8ppetlsidd 0L iNpeBEBI Viands 4B1ERedd be@den impeller inlet 45 and
i npeller vane 71 is curved along an angle of curvature

outletelg ﬁ :fﬁg%ﬁﬁhé%gve@ff iilﬁb%}l/er 'iﬁBQtein';_ia&ﬂle? ﬁ%,a47aié NPVRI PREES f4‘8f act upon well

rring ack to Igure o, Irection o

. tation,i s i.ndicated W th, ansarrow that dgf.i.n .

fuid | SRS G el ipear il g o iresas” the g eoghy o impetter 39
71. Wth reference to Fiagures 3 and 3 | eadi ng gflge 73 )

rotates.sA| difages inlah 4higeatpd atadagially oubyrsd apd dowennarden of caghppper diffuser
71, and trailing edge 75 is located along the axially

41 reasgjyee webisfiuige 1§ ivath af inereasedvielodikyafiom gutlets 47refi dach gpper impeller 39.
edges 73, 75 can be straight or curved. An angle

A curféd tiiandtLS@ wathile bachediffase oy ICétends Uadiallg iBdardnahdogiwad to a diffuser
surface between | eading and trailing edges

outlet 51, Channel 50 conveys well fluid 15 from impeller outlet 47 to the impeller inlet 45 of

the following pump stage 43. A volute passage 53 carries well fluid 15 entering upper section 35
flows to impeller inlet 45 of the lowérmost impeller 39 from lower section 37. An exit volute 55,
located above the uppermost pump stage 43, receives well fluid 15 from the diffuser outlet 51 of
the upper most upper diffuser 41. Exit volute 55 carries well fluid from pump 19 to conduit 13

for conveyance to the vessel or platform at the surface,

[0024] In the embodiment of pump 19 shown in Figures 1 and 2, shaft 33 extends axially
through both upper and lower sections 35, 37 of pump 19. A coupling 57 connects the portion of

shaft 33 extending through upper section 35 with the portion of shaft 33 extending through lower



73, 75 of vanes 71. The direction of rotation defines
concave surface Sl as a leading or pressure surface

wo bas/ogngages and acts upon well fluid 15 passPemUS2005/003453
t hrough inpeller 61. The direction of rotation defines

convex surface 3 as .a tr r _suctipn surfac
Se‘mm@ R0 Lawasdecion a7 vempringas wiuoa By o lpweh Eondiiesdg biigisrs 61 and lower
npel |l er vanes 71 to be acted uponby concave surface
condxtsznmglm@,’gsqrs A3 fadlemiatipglystacked withyuheuising 20.r Bastupair ph Lower impellers
Li extends fromthe radial center point of inpeller 61
and diffusérs 610 GBedefmiecconflitionary stggasdafe BB theapreferredadivhbdiniang one lower
L2 extends fromthe radial center point to the an

1mpe11'ef‘5‘13fs 16%@&15%18& oRE G 10terldifisct 69 ME6dch stapeldsh Adcordingly, well
line Li Iis upstreamof radial |ine L2 when

fluid llf%%%*nge%% ﬁ? @ﬁéh gﬂmb;lﬁlg?% %dg%‘ H@é 8% g)téfér frf]l@elé?rs 61 before one

ge i s, upst t.he i nner end
of loweE QUG s g esbtionauliivel T 25 sxihe (GRS seifen 71 pepeps ove of lower
radially |nmard by having the outer end of | eading
diffusers §2 before w@mmlﬂmqaﬁe 5B ondhe waAY (PNCE S0Rti9Y 3ege
73. This action acts against the centrifugal forces
inparted on well fluid 15 by the rotation of inpeller .
[0025FReferrieg wsFigurdd) lomee inpeleri 61 is| diownifomritbie side of impeller 61 that is
condition well fluid 15 for entry into upper portion

immedbtelyl HBD@W la@bfre§ondigdowecdie@se G3na of dtagedsdy eTlde sidy iothe downstream
wel|” fluid 15 entering upper section 35, which reduces

side of WT ; Cr.ll"%ﬁl'ﬂ 15N3dts lé\é\ﬁlé}f{oxﬁefﬂﬁ%élfé& %130 vnd 5136 Sfdwn illustrated

to punp 15 to through
o b BER ie oo E0t B3 3 e 0 st
axially Bropghigogly TR (PRI 0pS VPN M1 b "By Lb ITBFESP by 69 matingly

inner ends and is offset and substantially parallel to
engagesaal proftrusiondnet showag ion dheogger FBfacs ofshafbd3 to epnneatijosyer impeilers 61
line R by an offset distance Dj. In the preferred
to shaft 30 ed it notation af sHafiB3ahgses Tmpellers 61 to rotate. A plurality of impeller vanes

71 connect to and extend radially outward from the outer circumference of hub 67. Impeller
vanes 71 preferably extend along an axial portion of the outer surface of hub 67 between the top,

downstream side of impeller shown in Figure 3, and the iower, upstream side of impeller 71.

[0026] As shown in Figure 4, each impeller vane 71 is curved along an angle of curvature 0
between the axially upper and axially lower ends of vane 71. Referring back to Figure 3, a
direction of rotation is indicated with an arrow that defines a leading edge 73 and a trailing edge
75 of each vane 71. With reference to Figures 3 and 4, leading edge 73 is located along the
axially lowermost portion of vane 71, and trailing edge 75 is located along the axially uppermost

portion of vane 71. Leading and trailing edges 73, 75 can be straight or curved. An angle of
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IS substantially parallel to | eading edge 73 and

radial line R and is offset fromradial |Iine R by an
wo@Rdosmes32di st ance D2. As desired, an operator CcRCI/Uhmngen34s3

t he aggressiveness or conditioning performance of

i I 71 by increasi of decreasjng distances Di .
Cmaﬁﬁgeddi&{mﬁ Pé"’ﬁ%aéfﬁis a“&.\@fh‘b‘{ EoNy K suripseRpiWaRicleading apd trailing edges
substantially parallel to radial line R D stances Di

73, Tan§ varsddn Ths tiemefxtation: definpocartcavhatrface 8dias g lestling or pressure
75 is substantially tangential to hub 67. [0029]

surfaétefhat engaged andrh@sinpon welthi® 15 paugHg ﬂirf)li%bsﬁﬁpe@@r 6%. The direction of
shown fromthe top, or downstream side that is
rotatiGR @efhdsecdnex SirfiRe @B iR ol i | f :
PR Aehds N S S ditrailfi 8 Yol Shifaoe Hif ade BTwell fluid 15
; ' i.des over _and slidin n es
into tENRT pEmREh i lce '8 B8 Pied yoPE by PoncevE SR
does not connect to shaft 33 so that diffuser 63
I3 dinal y, engages shaft 33 while remai ning stationary .
10027 3 b v SRR fep radial ey Etipuds PPy tisiiaghtcenter point of
. ﬁhw iﬁqefFi ure 6) defines an outer circunference of
Impeyes iy @y engof Iepding fidge TSwand @eradial dinedy, eitenylsi Som the radial
a predeterm ned di stance away fromthe outer surface
centeppoigh 1of theem inobr @6l ofNeadingredpe §3 YBat( dongedte to’ hub 7. Radial line L, is
| ocated between the outer edge of each inpeller vane
upstréain efithdid) dink 13 evhelinipaler Of rétbie® in e HredtioN3F tétafide’ Shdicated by the
allows diffuser 63 to remain stationary relative

arrow[2 OFtRed B, tHERRME N oF %aditggbgf t’éﬁi& I?xﬁgﬁ'd?ag] %‘ﬁlg '(}g%g%g% 'of leading edge

, diffuser outer rings l 2 .

. . [ 1
B R LRI I —
73 upSeart S Gt G B OB JeaHPes A0AF .. 080% AGLON acse agBnst e centrifugal

a manner known in the art, outer ring 91 of the

forces| igpartad on weililuid &5 by She rdationtofiimpellantd createstnehdagedn svell fluid 15
an inner portion of punp housing 29 (not shown) so

and mixhert coiditfonsweslb 16id ISefoBEstry into upper portion 35. Impellers 61 also increase the

fluid velocity of well fluid 15 entering upper section 35, which reduces the amount of work that

upper impellers 39 must exert on well fluid 15 to pump well fluid 15 to-through conduit 13.

[0028] A radial line R extends from the center point of impeller 61 to the outer surface of hub
67. In the preferred embodiment, leading edge 73 forms a substantially straight line between
outer and inner ends and is offset and substantially parallel to radial line R. Leading edge 73 is
offset from radial line R by an offset distance Dy. In the preferred embodiment, trailing edge 75
is substantially parallel to leading edge 73 and radial line R, and is offset from radial line R by an
offset distance Dj. As desired, an operator can change the aggressiveness or conditioning

performance of impeller 71 by increasing or decreasing distances Dy and D, while keeping
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stationary while shaft 33 rotates inpellers 61. [0031]
Referring back to Figures 5 and 6, a plurality of

walrdobaserl bl ades 93 extend between the outer SPCT/HE®ODO03453
hub 85 and outer ring 91. D ffuser blades 93

_stationarily connect outer_rin 1 to.diffuser hub 8

leading 59 iCRARE aa68 T35 B PO GU DR do raialgrma o RIS AEEgS Dt and D can
are defined by a curvature of each diffuser blade

be incodhs¢d@IRE point Bt {eading\edes 75 i sybstentizllydemgenyal tadiub 67.
direction of rotation and placenment of inpeller 61
adj acent diffuser 63, concave side 95 receives well

[0029] Reksiring t6 Figred§ 26l 16, lovesr difufer @3 isahewni gl the tor§ br downstream,
t hereby defining an upstream side of diffuser bl ade

: ¥ L6149 7 - i -
side tg%tmﬁgtﬁ?e()‘@ﬁe $hd §1d8foﬂ BaC RRMRES l%len ﬂgi‘d e 6o 16We: dlfmgs%r 63. Lower

am side of diffuser blade 91. Concave sid

e
difﬁxsgggfgxg%u@%s\% ;ﬁiﬁl :;{ggﬁ?ﬁg/gnlg\gj z;lfref Fﬁ 'tﬁﬁés?i?fe%géﬂr%}gi %Jiﬁé‘%ﬁéages shaft 33
iSRS e 5 R e 7 SRR AT ST Ph R e e 3

... Figure 6, diffuser blades 93 are axially inclined so
slidinglyzangeges shefiadd while wernaiping: stefipngty mlaive togloper impeller 61. An outer
| eadi ng or upstream edges. Therefore, the angle
ring 90f(hotcstonm fhrFiputelt defipes arpoutti circunifetehac of ld¥@ertdiffusee 63. The inner
| ower, | eading portion of blades 93 is rearward

surface D dlrtey @inleQs b peddidr@fiddQistitce 2 W3 @A RS owtBPQIFRE o8 Biffuser hub 85.
Bl ades 93 are " preferably portions or segnents of a

A BB 0 OREE ) 0blebaies B BN, 00O RS vae 61 e

pro

. articles in wall fluid 15 while redirectin | ] . .
imaer BEfch S 8iet Aok 1 nwtieH el slold ffudeF By iR iy gottive otatng
. 10033] In operation, punp assenbly 11 is suspended
lmpelkf-‘bﬂ'producti on tubing 17 within conduit 13. Power

cabl e 27 conveys electrical power to notor 25 which

then drives shaft 33. Rotation of shaft 33 causes
[0030], pysehestasivwiroineri gimer s diffisser Geter Biigs B1 extend eatlially Hownward below hub

punp housi ng 29. The
85 and enclose each lower impeller 61 associated with each particular stage 65. The lower end
of each outer ring 91 engages the upper end of diffuser outer ring 91 in each preceding stage 65.
In a manner known in the art, outer ring 91 of the lowermost diffuser 63 (not shown) lands on
and engages an inuer portion of pump housing 29 (not shown) so that diffusers 63 remain

stationary while shaft 33 rotates impellers 61.

[0031] Referring back to Figures 5 and 6, a plurality of diffuser blades 93 extend between the
outer surface of hub 85 and outer ring 91. Diffuser blades 93 stationarily connect outer ring 91
to diffuser hub 85. A concave side 95 and a convex side 97 of blades 93 are defined by a

curvature of each diffuser blade 93.
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trailing edges, or suction sides of each inpeller 39,
61 creates a slight pressure drop within punp housing
wdaoshs27draws wel | fluid 15 into punp 19 t hr oRgUR0NP003453
inlet 20. Well fluid 15 entering punp 19 typically
conprises gas-saturated |iquid hydrocarbons. Wel
[0032] Asl]Bgst shown i Figre fedussedhs gieesion afjrotitian aad placement of impeller 61
condi tioning stage 65 of inpellers and diffusers 61,
adjacefBdiffustrot®r caneave side B, receiped wetlsthd nd 5« enverihg fdiffosbr ﬁB, from lower
while increasing the fluid velocity of well fluid 15,

impellby 61 Oledrslsy \¥8fihink! A GipSiedtidlsidé 0N \Gerfsber WIS 931 h€onvex side 97 is

outer end of eac vane 71 | eadi ng the correspondlng

conveﬂsélgeif ﬁ?@@l s B! c!l é#ﬂggrgl]s?c}é of &ifﬁ?&%lﬁ 2l @Snbﬁ@aﬁ ?eu?%l engages and

e cen orces I

o.tatl rs 61 s hel ps t
Tedlfe‘é‘%c‘ﬁ"‘g@ﬁ‘?hgteé‘%@ﬁcg) ﬁéng‘ Thtu F@P@Eﬁrﬁr& I Ve preferred
entrained in well flujd 15to separate fromt
embodimgnf; 1he oFig epérqaﬁeaée Riffugeroblage 83 Jpadsithe pUiep emé Adsitionally, as best
Well fluid 15 exiting the axially upward, trailing
showndggiigr® @fdiffusmrdlades 3nave mxidllyvieclintidf southat theoarialy ldwer portion of
fluid 15 first engages the radial outward end of

blade 230RGHY Rading ®r Ypstedancedies. dThéreions thd hegle o® thelihb €rom the upper portion
sem spherical, or scoop profile of blade 93 guides

of blaﬁ'é?’ fol e qo@vér lgérﬁglﬁéd*)?(mbﬁ%rﬁi'aﬁg b3 iré#rlk%r&' PURAVL to the direction of

rough statidn rusers d 15 exits

rotatiop 43 it 68 EafHd o3 e gﬁ%ﬁﬁﬁ%@ﬁf’“’é’ff‘ ohSFEmo 4 SR, Accordingly,
bladesl?éa@ys ggoéﬂn:fhaavgpm%gg 7&1&[ iy lﬁléesﬁl t Y gggtgggpg@g}qs in well fluid

per and | ower sections 35, 37. V\éll fluid 15
15 wh:émteéﬂpﬁglmﬁbﬂu@eﬁ todhe Bt sRge DS eriteaumper saetioni38ned t o
reduce the likelihood of separation of gas particles
inwell fluid 15. This allows upper portion 35 to punp
[0033)viml dpefdtiohdpyirhp w'ssdmlﬂy lang mspgtatedcﬁmhqmbducﬁan tulsing [17ywithin conduit
permtted before "gas |ock"”, with conventional upper

13. Pdvaaﬂiabl%rﬂ Gfvesd ElestsigdlSpoher téotot S AR therl Arivés $Ha® 33, Rotation

surface.
of shaft 33 causes upper and lower impellers 39, 61 to rotated within pump housing 29. The

trailing edges, or suction sides of each impeller 39, 61 creates a slight pressure |drop within pump
housing 19 that draws well fluid 15 into pump 19 through pump inlet 20. Well fluid 15 entering
pump 19 typically comprises gas-saturated liquid hydrocarbons. Well fluid 15 enters lower
section 37, Within each conditioning stage 65 of impellers and diffusers 61, 63 in lower section
37, impellers 61 mix well fluid 15, while increasing the fluid velocity of well fluid 15, by forcing
well fluid radially inward. Due to the outer end of each vane 71 leading the corresponding inner
end, well fluid 15 is pushed radially inward, against the centrifugal forces imparted on well fluid

15 through the rotation of impellers 61. This helps to decrease the tendency of the gases
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[0035] Referring to Figures 8 and 9, an alternative
enbodi nent of punp assenbly 11 is al so useful for well

w0 s8R havi ng a gas content that is up to aPOUUS2005/603453
As shown in Figure 9, punp assenbly 11 includes a

saturalgacpn sEEES HORPL DD 516 SepEpia o] CYmid Sy o P Bpclels of gas within
has a well fluid inlet or I|ower intake 101 and an

pumpifper gas outlet 102 |ocated bel ow punp 19. [0036] As
shown in Figure 8, gas separator 21 conprises a
section of conditioning stages 65 having inpellers

[0034p Welhfitidil$ exitingstheixiallynppwied; srafling edgs @ fofaes 783 enters lower
in the stack of conditioning stages 65 act upon well

d:ffu.séﬂs Gl Wl Auflbs fiagttdnphbes thearasialmeutvand end af donpstd ds 95 of each
61 and dif users 63 in Figures 1-7. The well fluid 15

diffusB ‘%ﬁ&fﬁ%l gﬁggérafggaé{éﬁ s@éo Séﬁ‘iﬁ%‘%ﬁgbltéﬁfg 93‘%@1&? %a?ly id 15 radially
R R e —

sonme of the gas in_well f|UId 15 before cqnvey .

of each lower diffuse %u ugh e slagk pheeTisHiod & iffeer B3 stages 65 in
Fi gures 8 and &19037 Upon exiting the uppernost

lower ge¢tians¥F ustdl emlﬁng uppankosdiffusey 63 161 volyle|nasgaggisd hesween upper
passes through a bearing 103, typically a spider type,

and 10wy ise@ions B6UBAI Well Diidssangt uider sadtibh 36 isinxdd and conditioned to
proceeds to a set of gui de vanes 107 that are nounted

reducé ﬁleq{k@ﬁ% orﬁ? Is@éarét?& 3 UI ptaﬂﬁ'l;%% 1 ﬁ’lﬁ&flsr Q*Bié/alloﬁﬁbﬁf@er portion 35

are ap vanes 107, each

T N e R ——

1Q7 further ippart ri n noti o we fluid 15.
convem?%unmé@mléﬂs s%&ﬂ%é 85 R cpRdf &p fkl? FiEe- a
rotor 127. Rotor 127 has an outer cylinder 111 which

ext ends down over gui de vanes 107. Quter cylinder
[0035] Referring to Figures 8 and 9, an alternative embodiment of pump assembly 11 is also

-

useful for well fluid 15 having a gas content that is up to about 40%. As shown in Figure 9,
pump assembly 11 includes a centrifugal gas separator 21 betweeh seal section 23 and
centrifugal pump 19. Rotating gas separator 21 has a well fluid inlet or lower intake 101 and an

upper gas outlet 102 located below pump 19.

[0036] As shown in Figure 8, gas separator 21 comprises a section of conditioning stages 65'
having impellers 61' and diffusers 63 Impellers 61' and diffusers 63' in the stack of
conditioning stages 65' act upon well fluid 15 in substantially the same manner as impellers 61
and diffusers 63 in Figures 1-7. The well fluid 15 proceeds first to stages 65' which mixes and

conveys well fluid 15 upward and pressurizes the well fluid 15 to prevent expansion of most of
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111 encl oses an inner hub 113 and is closely spaced
wWthin a stationary sleeve 115 nounted hi passage 31.
wo peveos2ob 113 nmounts to shaft 33 for rotati onP@I/UR2005/003453
shaft 33. Two or nore rotor vanes 117 (only two shown)
extend between hub 113 and outer cylinder 111. Vanes )
the gad tFntaime in de Wwelh finid LR, nkimayt beiissdesivowivi sepamicotpmenef the gas in well
| ower end to the upper end of rotor 127. Each vane 117
fluid 155beBfANeyingavdlplbidl 150loameny 19 tusingaike emibfodithert tsh@8n in Figures 8
Each vane 117 is vertically oriented. [0038] Each vane
andg117 preferably has a notch 119 forned in its upper
‘end. Notch 119 is a longitudinal slot that extends
downward fromthe upper edge of each vane 117. la the

roos7EEBR8 crbedhs Shpemayt BERER i SaoRRE offes o5’ well fuid 15 passes
cylinder 111, Notches, 119 can he positjoned to on .

through afeeaeins( 198, BDHENY GrPIdE RRARNIRG & BUOlIE PLRG g Ty Well fluid 15
outer cylinder 111, depending on the anount of . .

processisptar atsebof dadde sanesRYiTothat Zye imennted toy shafh33 fargratation therewith.
force to well fluid 15 causing heavier |iquid and sone

Preferably] tiRremaicea plkalitpiof guigasesed 007, |cach ofitwhdcidcdmmdsing a flat or curved
outer cylinder 111 as well fluid 15 progresses up

i ' tto GRSBEs bLERIMN33. NGk ¥RBE 1687 further impart a
plate’%‘g‘gte{w%gt gn%%fggértﬁ'?zt% hear hub 113.[0039] A Her e

o S 503505 IRESB8 117 B0 s 2070 BB 068 i o oo 127.
Rotor 15 e 1 Db R 55 S BEAC R v i

w th shaft 33. Skirt 123 is annul ar, having an outer )
111 exleges tamrmagrdmibr } 13aand iy closaly sppcad, stafonary glegked &5 mounted in
of passage 31 of housing 29. Inner dianeter of skirt
passage?31.i dnusdr dmbf 1 1Gambinyts ¢o sktfe 83 tihmrotatien witheshafii3@neTwo or more rotor
of inner hub 113. This results in an annul ar gas

vanesCAY {ohly Fwol %%Z%xv&namd@wééﬂ hith 1A3. antheukt eslind@elll. Vanes 117
bet ween skirt 123 and passage 31 conprises a liquid

compxgge\sllﬁggﬁicﬁ%ﬁ 1Ak lexfehdihg fom HALwAPER RPtheSPhES ePSF rotor 127. Each

vane 117 is located in a radial plane of the axis of shaft 33. Each vane 117 is vertically oriented.

[0038] Bach vane 117 preferably has a notch 119 formed in its upper end. Notch 119 is a
longitudinal slot that extends downward from the upper edge of each vame 117. In the
embodiment shown, each notch 119 is located approximately midway between hub 113 and

outer cylinder 111. Notches 119 can be positioned to one side or the other of the midpoint

between hub 113 and outer cylinder 111, depending on the amount of separation desired. Rotor
127 imparts a centrifugal force to well fluid 15 causing heavier liquid and some of the more
saturated gases to flow outward toward outer cylinder 111 as well flnid 15 progresses up rotor

127. The lightest gases remain in the central portion of the rotor 127, near hub 113,
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will flow up through Iiquid passage 127. A plurality
of gas passages 129 (only one shown) extend through
waele@shsi2ge nmenber 121. In the enbodi ment shownPCT/082085/003453
are three of gas passages 129, and each connunicates
W th gas outlet 102 extendlng t hrough housi ng 29.
[0039]0At distimrgdd neahberwi Zle pammtse gtafjerart! cgéecdysmﬁg@aor A% Discharge
conduit 13. [0040] Discharge nenber 121 has a

membB} Hlaﬂbésyn&fro{ai’é aithl shyft 38t eDibchaygs upgmabser hag 3 ddpendipg skirt 123 that
one shovvn In the enmbodi nent shown, there are three

rt 92 GAm A 8BS ter
emem%uppor rard. %‘ng s Sf:oﬁg&tﬁ'@%tﬁ%ﬁaﬁ% Skfisft QOB 88 A ving an oute

out into contact with passage 31.

B T
ey 3 N S e 0 ik e "smﬁ 5. o

as the inner dianmeter of passage 31. The outer face o )
resultsetncdn swiasrgas Xavity 122 fepsted; wighinfskire A23.aThy c&%@}ce@tween skirt 123
degrees. [0041] Fluid 15 in liquid passage 127 flows
and pdeedgecsdrcomipiyes b 3iqhiilpasspail@do W dBBmdnlt that dees not enter gas cavity 125
rect angul ar in the enbodi nrent shown, is located in the

will ﬂBW ﬁﬁ %‘tl Qifg gibs%bopﬁt Aélﬁﬁualif&ﬂﬂ‘og’ﬂs 1&352@@&'129 qosly one shown)
one as

utlets 102 and conmnuni cates with a

fi e d.ngar
extencﬁ%%foﬁ%?a #ﬁ%ﬁ%@sﬁgﬁaﬁ’% o1 " bodineff Sl BAPARSS wre dhves of gas
pagea 3321223 pass %%ca%t%s?w% ?a%'ﬁ ﬁgﬂ S tou J e 1%.“ hoAusing 29. Gas
t hr ougha’ hoI e i housing 29. The tip of screw 137
outlets Hefag) Mﬁﬁ?ﬂ&%ﬁPMﬂﬁé’éﬂfﬁfi’é\%c@?@fﬂé upper supports
131. This engagenent prevents rotation of the
di scharge nenber 121 and al so fixes discharge nenber
[0040) Pischarigal hgmbgr b2hhiang nisslity of tlateratlyhexiendieg suppastsy 831 (only one
di scharge nenber 121 for supporting shaft 33. Bearing
showr)3 In MRS er@bedifientEHowng tedd aRRaAkfeGapporfsl] F1ospatéd 120 degreés apart from

each other. Supports 131 extend out into contact with passage 31. Each support 131 has a
generally rectangular perimeter, having flat upper and lower edges and side edges. The outer
face of each support 131 is a segment of a cylinder having approximately the same diameter as
the inner diameter of passage 31. The outer face of each support 131 extends circumferentially

about 45 degrees.

[0041] Fluid 15 in liquid passage 127 flows between supports 131. A window 133, which is
rectangular in the embodiment shown, is located in the outer face of each support 131. Window
133 registers with one of gas outlets 102 and communicates with a cavity 135 defined by the
interior of each support 131. Window 133 and cavity 135 may be considered a part of gas

passage 129 leading to gas outlet 102, A fastener, screw 137, or locking device extends through
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fluid. The fluid flows through a bore outlet 143 on
the upper end into inpeller inlets 45 (not shown in
wo-e@angs328) of punp 19. [0042] J operation, wel PCT/U82005/003453
15 having a high gas content flows in intake 101.
Impellers 61' and diffosers 63" mx or condition well
a holel ini kbukingl0.f Qheitiygofvetrews 131 dngages al disnplbpioviduddin one of the upper
agai nst the centrifugal forces generated by rotating

suppbri@ §3 1. e ThisSdngug MR revenBS fotftnUe Pl UidASeR homWE! 121 and also fixes
fluid 15 separate fromthe heavier |iquids and

s, B2 i Al 4503 B BERL948ye caresmnber
21 G5 S50 A 5 e % 5 S St o e o o

.,The remaining portion of well fluid 15, which is
fluidy yiecBuid floyes treught aiberegmtiet 443 ondhel uppersend; intp impeller inlets 45 (not
entrai ned gases, flow up |iquid passage 127 and
shownlin Figgire Bpefipumyp pAssage 141 into bore outlet 143 into
comuni cation with inpeller inlets 45 of punp 19.
[0043] The invention has significant advantages. By
[0042) e dpet atignawsll 9tied $5 baging Wi gh Fad BEnteMMAWS in fobke 101. Impellers 61'
amount of production can be significantly increased.

and c%iir']ﬂl.‘?eifrsia@')fnix'@%ﬁmlob WelPHE AR A Ginp VRIS R ré&afl? 188nward against

uids up the riser wthout” any dssi stance.

e
h ressute opPS.,oMer L t here .
MR £rB B by BhE0Y hEpelbByh S{oebd This PG gases in wel
..Qi.l production. In addition, as the production fluids
fluid 3?&?5%#%11 § heavier l%vi%%ir wiggatsd gan dhilgawelt fuphdS passes through
were in solution becone free gases. This invention is
passagpy E0% adeguide vasea 10V Buyesss gasse flowuiadr pmeskuly £13 and through gas cavity
i ncrease production and force sonme of the free gases
125, pacpassageol 290 bnd iexit. dad 0483t W ineo thiRluitnkE N The Relamiliepdrtion of well
shown or described in only some of its forms, it _
fluid $5,0whidh b@q?im%n{, DRla hbtirB QT Siqhid éﬂdﬁ‘gfﬂa&iﬁg Entidihed Ba¥es, flow up liquid

isS not so i

0

the

ed, but is susceptible to variou
passag8aP9&Rd through bearing passage 141 into bore outlet 143 into communication with

impeller inlets 45 of pump 19.

[0043] The invention has significant advantages. By operating a sybmersible pump in the
conduit, the amount of production can be significantly increased. Initially, many wells have
adequate pressure to force the fluids up the riser without any assistance. However, as the well
pressure drops over time, there is a need to artificially increase the pressure to aid oil production.
In addition, as the production flnids flow up the well, the pressure &rops and gases that were in
solution become free gases. This invention is able to artificially boost the fluid pressure to

increase production and force some of the free gases back into solution.
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wi t hout departing fromthe scope of the
i nvention. CLAIMS THAT CLAIMED IS: 1. A well punp
w@z®emnkd2yl f or punping a mxed flow of |iquid apdI/gsmps/003453
conprising: a conditioning inpeller having a hub with
abore for engaglng a shaft for rotation therewith in
[0044] Shikr the finteatiow haxibeeacshown; oraleseriteid dn anly wuiiek Its)fqrmg, it should be
di ffuserjuxtaposed with the conditioning inpeller to

appard® ¢6 thtRe kkilled ih fenart that itripabt sy limitee, Blitfid smeepiiide inyarious changes
plurality of blades that incline froma downstream

e R O BRI 2ty of impelor

vanes extendi ng fron1the outer circunference of the
hub of the conditioning inpeller, each of the vanes
inclining in the forward rotational direction from an
downst ream si de of the inpeller, defining a | eading
edge and a trailing edge, and wherein a radial |ine
passi ng through an outer end of the |eading edge of
each of the vanes is rotationally forward of an inner
end of the | eading edge of each of the vanes for
forcing liquid and gas radially inward and into the
diffuser. 2. The well punp assenbly of claim1,
wherein the | eading and trailing edges of each of the
i npel l er vanes are straight and parallel to each
other. 3. The well punp assenbly of claim1, wherein
each inpeller vane is curved fromthe | eading edge to
the trailing edge. 4. The well punp assenbly of claim
1, wherein the leading and trailing edges of each
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inmpeller vane is parallel to and is offset froma
radial line of the inpeller that is |ocated

wo otoasnmel |y forward of the vane.5. The wel | PCIpS2005/003453
assenbly of claim 1l wherein each diffuser blade is

curved fromthe upstream gi,d t he downstream si de.
6. The well punp assenbl yﬁé@&% m | wherein each

di ffuser ade conprises a portion that is curved in
___I:SMEJHA he of plane. 7. The well punp assenbly of

claim11, wherein each inpeller vane has a straight

medi line th ls offset fro he axis.0 e F T e
1 R R pospRly Gt pdnnRg agpgf ot of s B pA obttprising:

conprising: a plurality of punping_inpellers |]ocated .
doeansiitianing mpallsehadngi? hul With@ boyp fon cogasingp Sb%@ gWP%‘C’n
the well fluid fromthe conditioning inpellers and
therewiithdn e dfsiwegd tdtetiovedirectionj d pressure, the punping
i mpel lers having a plurality of curved passages; and a
Py §RfiAehr b ddiS@iting BFRlsequikebyRawidaths condifivniogimpelldrdo receive
and having a plurality of curved passages. 9. The well

fluid @%eé@@?ﬂ@bﬁm%%ﬁ%g hmnhg gi}%ﬁl@@%f‘k‘»@dﬂ% b1k Rtlide B8 a downsiream

cate wnst m of "t he condi ti oni ng
., ..npeller, the_se t or. _hayj + afd for
side sipE Ropapshetpcd L ERe R Foar ool AelbRiBd . o
inthe wel| fluid within a central bore. 1Q. A
puBlrality ek snpelles vanss exieading Fom e Ui FiTg ?ra%ﬁeﬁ'ﬁjéﬁ%hub of the
gas, conprising: an outer casing with an axjal |
conditimingimyioter, cackstf:the vancs anadining infihe fngwasd jeéationaldigctipp from an
outer casing along the axial centerline of the ]
downstream side of the impeller, defining a leading edge and a trailing edge, and wherein a
radial line passing through an outer end of the leading edgé of each of the vanes is rotationally
forward of an inner end of the leading edge of each of the vanes for forcing liquid and gas

radially inward and into the diffuser.

2. The well pump assembly of claim 1, wherein the leading and trailing edges of each of the

impeller vanes are straight and parallel to each other.

3. The well pump assembly of claim 1, wherein each impeller vane is curved from the

leading edge to the trailing edge.

4. The well pump assembly of claim 1, wherein the leading and trailing edges of each
impeller vane is parallel to and is offset from a radial line of the impeller that is located

rotationally forward of the vane,
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casing;a conditioning inpeller having hub with a bore
engagi ng the shaft for rotation therewith; a
w@oovdiogi2zoni ng di ffuser stationarily nmounted i NnPETTES2005/003453
outer casing to receive fluid fromthe inpeller, the
di [ I | . ve ..n.an
5. UphAPE! pitAE et of tin ¥, Yl 46, it $HR 12l rom the
downstream.side; and.,a plurality of inpeller vanes
ups&e%s%%ﬁqu.the i mpel 1 er, each of the vanes
having a straight edge that is parallel to and offset
froma radial line of the inpeller. 11. The well punp
assenbly of claim 10, wherein each_inpeller vane ]
6. i hbe well pump assembly of glyémdn Whsrein each 4%@ dpéadge@mipsises a portion that
curved fromthe | eading edge to the trailing edge. 12.
is curveddn wolr¢ thaumpeafplanil y of cl ai m 10, wherein the
strai ght edge defines a | eadi ng edge havi ng an outer
end that is upstreamof an inner end of the | eading
edge. 13. The well punp assenbly of claim 10, wherein
7.  eBbthrwelliffonsge asseinhlieof elaimuily eiefeir sachnimpedler eane Basdestraight median
a downstream side, 14. The well punp assenbly of claim
line thafis offe& TR (RAwdis 6 thE uekr bl ade conprises a portion
that is curved in nore than one of plane. 15. The well
punp assenbly of claim 10, further conprising: a
plurality of punping inpellers |ocated downstream of

8. U REMPlinbORdhI) RPELIe Stk br difiard 10 the wel |

uidfrorrlthe o It1oning I npe _ers_éndlincreﬁsing
BBt oFblhoR 50N lock BN R ok oY et o
receiv%%&ﬁga%g]tl gﬁw\g@gﬁgé g&ﬁ@%&ﬂ&%ﬁl aln%rimg'ggsigga%ﬁe IQagellaﬂuid pressure,

the pumping impellers having a plurality of curved passages; and

-

a pumping diffuser located between each pumping impeller and having a plurality of

curved passages.

9, The well pump assembly of claim 1, further comprising a gas separator located
downstream of the conditioning impeller, the separator having a rotating blade for forcing liquid

in the well fluid outward relative gas in the well fluid within a central bore.

10. A well pump assembly for pumping a mixed flow of liquid and gas, comprising;
an outer casing with an axial centerline;
a shaft extending through a portion of the outer casing along the axial centerline of the

casing;
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16. The well punp assenbly of claim 10, further
conprising a gas separator |ocated downstream of the

w@ediogi2oni ng i npel | er, the separator havi ng aP€DUSI0051gP3453
bl ade for forcing liquid in the well fluid outward

relatjve,gas in the well fluid within a centr bor e. )
1reonditigeing Impeerayingip ViR agafﬁp?%aglag m@&ﬁfafl%wt@m therewith;
l'iquid and gas, conprising: an outer casing with an
ax¢aditipsinge diffuser, stationiarily moyatedén thg outer 683RS to Iseeive Syid from the
of the outer casing along the axial centerline of the

impelleqenfiffustr hovidp b Emhmg ofdbideothat ourveixamoutgasddivectioal ffom an
fluid entering the punp conprising: a conditioning

upstredrTRRL1$E dBRUIPAnPsidimli th a bore for engaging a shaft
for rotation therewth in a forward rotation

R e i e T SRR
il S 508 5 B8 RG2S S e

side to an upstreamside of the diffuser in a rearward
rotational direction, and a plurality of inpeller
vanes extendi ng_from.the_ outer circunference of the .

11. il PHrED exseabty offlaign 1Onyeiaredn cagnispeller vane ipelides a leading edge
inclining in the forward rotational direction from an

and a trpilimgsedgean & chevest fromdhe lepdingedge thethe tiailipgedgeadi ng
edge and a trailing edge, and wherein a radial |ine
passi ng through an outer end of the |eading edge of
each of the vanes is rotationally forward of an inner

12, € weéll ptonp| assatnbly of ipimol 0, eveledneinfthe bizaighinedgef defines a leading edge
forcing liquid and gas radially inward and into the

havinginfoutts @hd thachpatreatief &€ EineOend OF the WaBingkdghe gaseous
well fluid fromthe well, conprising: a plurality

13.  The well pump assembly of claim 10, wherein each diffuser blade is curved from an

upstream side to a downstream side,

14.  The well pump assembly of claim 10, wherein each diffuser blade comprises a portion

that is curved in more than one of plane.

15.  The well pump assembly of claim 10, further comprising:
a plurality of pumping impellers located downstream of the conditioning impellers for
receiving the well fluid from the conditioning impellers and increasing the well fluid pressure,

the pumping impellers having a plurality of curved passages; and

21



of punp inpellers andpunp diffusers.18. The well punp
assenbly of claim 17, wherein each inpeller vane is

w@ 0030882fr om t he | eadi ng edge to the trailing PCOES2009003453
The \Nel | punp assenbly of claim17, wherein the

| on . b . .
e 8otk Bk SRR So R hTRRler B NeNDAg b Bluralcy of
i IIer that is located rotationally forward of the
curye €°90. The well punp assenbly of claim 17, wherein
each diffuser blade is curved fromthe upstream side
to the downstream si de 21. A met hod for punping a
well fluid with ed uid and,
16 CHiomcs HgnPr RaBPN oL dD1 S SRPTSTHL B 8PS gt Jocatd
bore for engaging a shaft for rotation therewith in
downstrm/afdler@mgxt ooingdmpeler, &1, seprratarihaying i oiatiagddads for forcmg liquid
forcing the well fluid radially inward agai nst
in the welh flaid awgwhrdf relaties gay inhthawpll dludd withinof canfrabbdrer vanes
.extending fromthe outer circunference of the hub of
the conditioning inpeller that have an outer end of a
| eadi ng edge of each of each the vanes that is

17. TR R AskerhBly\ioF slrfiping A rhix8e oot uid Hiel gaspetimgrising:

edge of each of the vanes; and continuing to force the

el & t% clébxﬂﬁ‘vﬂgx @fdx:fal'cgﬂi@flﬂl g th a stationary

con ioni user recelving well fluid fromthe

farn%\#tl gf{q}}gg{g H,g@ % hartien g‘%iaé é%tgf éasgll%aag%&g ?}nta% g&ltér'i'iﬁe of the

diffuser in a rearward rotational direction. 22. The
casingnet hod of claim 21, further conprising conveying the

well fluid to a set of punping inpellers for punping

tsheondigionirtg secdonifor misimgganaeous well fluid entering the pump comprising: a

conditioning impeller having a hub with a bore for engaging a shaft for rotation therewith in a
forward rotation direction, a stationary conditioning diffusgr juxtaposed with the conditioning
impeller to receive fluid from the impeller, the diffuser having a plurality of blades that incline
from a downstream side to an upstream side of the diffuser in a rearward rotational direction, and
a plurality of impeller vanes extending from the outer circumference of the hub of the
conditioning impeller, each of the vanes inclining in the forward rotational direction from an
downstream side of the impeller, defining a leading edge and a trailing edge, and wherein a
radial line passing through an outer end of the leading edge of each of the vanes is rotationally
forward of an inner end of the leading edge of each of the vanes for forcing liquid and gas
radially inward and into the diffuser.; and

a pump section for pumping the gaseous well fluid from the well, comprising: a plurality

of pump impellers and pump diffusers.
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18.  The well pump assembly of claim 17, wherein each impeller vane is curved from the

leading edge to the trailing edge.

19.  The well pump assembly of claim 17, wherein the leading and trailing edges of each
impeller vane is parallel to and is offset from a radial line of the impeller that is located

rotationally forward of the vane.

20.  The well pump assembly of claim 17, wherein each diffuser blade is curved from the

upstream side to the downstream side.

21. A method for pumping a well fluid with mixed flow of liquid and gas, comprising:

rotating an impeller having a hub with a bore for engaging a shaft for rotation therewith
in a forward rotation direction;

creating turbulence by forcing the well flnid radially inward against centrifugal forces
with a plurality of impeller vanes extending from the outer circumference of the hub of the
conditioning ix:ﬁpeller that have an outer end of a leading edge of each of each the vanes that is
rotationally forward of an inner end of the leading edge of each of the vanes; and

continuing to force the well fluid radially inward with a stationary conditioning diffuser
receiving well fluid from the impeller and having a plurality of blades that incline from an

upstream side to a downstream side of the diffuser in a rearward rotational direction.

22,  Themethod of claim 21, further comprising conveying the well fluid to a set of pumping

impellers for pumping the well fluid up a conduit.
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