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GASEQUS FLU D BACKGROUND OF THE | NVENTION Field of the Invention [0001)
Thi s i nvewo @w7ésaahates in general to electric subnersi bl e pampsn3/064as e
specifically, this invention relates to subnersible punps that have an
i npel I er configuration designed for fluids wth a high gas content
entrained within the fluids. Description of the Prior Art [00021
Centrifugal punps have been used for punping well fluids for many years.
Centrifugal punps are designed to handle fluids that are essentially al
liquid. Free gas frequently gets entrained within well fluids that are
required to be punped. The free gas within the well fluids can cause
trouble in centrifugal punps. As long as the gas remains entrained within
the fluid solution, then the pu behaves normally as if punping a fluid
BMBRSEBEE FYMB-EVRYA, IS IGAFORBIERIN G AREOUS ELULE
| i quids. [00031 The performance of a centrifugal punp is considerably
affected by the gas duQBAgKgﬁgopggﬁépqﬁhgﬂqggNﬁﬁ@mjiquid and gas phases
within the fluid strea eduction in the punp
headFieklagfahs Inwentdsrd ef fici ency of the punp as a result of the increased gas
content within the well fluid. The punp starts producing | ower than normal
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beyond a certain critical value, which is typically about 10 - 15% by

| ] tiSq4t ] ; i g |
v S AT 100 U oS anbhiep kgm0

| ockéd." Separation
of the liguid and s.in the pu st age causes slipping between the |iquid
and gﬁga&ﬂ%@%@Foaﬁﬁﬁﬂﬂ@g&@é@ﬂﬁﬂg% W%'to experi ence

Description of the Prior Art
[0002] Centrifugal pumps have been used for pumping well fluids for many years. Cenirifugal

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
can cause trouble in centrifugal pumps. As long as the gas remains entrained within the fluid
solution, then the pump behaves normally as if pumping a fluid that has a low density. However,

the gas frequently separates from the liquids.

[0003] The performance of a centrifugal pump is considerably affected by the gas due to the
separation of the liquid and gas phases within the fluid stream. Such problems include a
reduction in the pump head, capacity, and efficiency of the pump as a result of the increased gas

content within the well fluid. The pump starts producing lower than normal head as the gas-to-



5 lower than normal head. Subnersible punps are generally sel ected by
assum ng that there is no slippage between the two phases or by correcting
st age pertwarosariesaibased upon actual field test data and paavusspesssence.

[ 00041 Many of the problens associated with two phase flow in centrifugal
punps would be elimnated if the wells could be produced with a
subnergence pressure above the bubble point 10 pressyre.to E ep y.

ent r Aiwddratjasinprgasen ebeyondiei eshtadt Cilpel piaHs: Wi %ﬁeYYPICPﬂVsabPEt % ég?"l 0¥ not
possi ble. To help alleviate the problem gases are usually separated from

t he oblhete. f Whedsthprgasrontont gdie twuhigh; Hieages hlockscHl Svisl Hewi Witk e PEHP;
efficiency, typically by installing a gas separator upstream of the punp.
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necessary to detérmne the effect of the gas on the fluid volume in order
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not ca e vi ng enough gas t overcone the inherent limtations in

centrifugal pu 0, A. ical centrif i I i for
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situated between two di sk type shrouds with bal ance hol e t at1 q§g§pds
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adj acent to 20 each other. In liquid lifting practice, an average val ue of
25 ddgheed pag egparsinder ed nornal for all vane di scharge angles. The size of
t he bal ance hol es have traditionally been approximately 1/8" (0.125")
t hrough 3/16" (0.1875") in dianmeter for nost punp designs. Deviations from
the [600a] 08dnyPomhecaoblegiiratdicimal hatmetwrepimsatitosmpt echtiifngahpempsmiouldgbe
mnimze the detrinental effects 2 WO 03/076811 PCT/US03/ 06546 of gaseous
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the ‘inpellers of the centrifugal punps is not enough, there are still

kb Oblp?erggur\émtg l11<;e§:)pu [ﬂfy eld-LiGLEe P&dYin 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

15  pump and separator. Many times, gas separators are not capable of removing enough gas to

overcome the inherent limitations in centrifugal pumps.

[0005] A typical centrifugal pump impeller designed for gas containing liquids consists of a set
of one-piece rotating vanes, situated between two disk type shrouds with a balance hole that
extends into each of the flow passage channels formed by the shrouds and two vanes adjacent to
20  each other. In liquid lifting practice, an average value of 25 degrees is considered normal for all
vane discharge angles. The size of the balance holes have traditionally been approximately 1/8”
(0.125”) through 3/16” (0.1875) in diameter for most pump designs. Deviations from the

typical pump configurations have been attempted in an effort to minimize the detrimental effects



capacity, and head. [0006] One such attenpt to nodify a conventi onal
centrifugal punp inpeller for punping fluids 5 containing a high

per cent agwood3/o7ésae gas can be found in U S. Pat. No. 5, 62&@l6omBscued t o
Lee. The Lee Patent teaches the use of bal ance and recirculation holes for

pressu e e ual.i zati on ecirculation of the.fl nd .t | er.
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vol . of free Above this |evel of_ gas content, the Le mould

sti | | inpsteiyel gla% cqnbifgal Puppsip ooty gnoneheBgreais st W%le%ﬁwﬁggugﬁe%f%& of
punpi ng high gas containing fluids without causing a punp to becone

gas- | ophkaty, andlhendabl e to punp the fluid. ldeally, such a system should be
capabl e of being adapted to the specific applications and also be able to
be used on existing equipnment with mninmal nodification. SUMVARY OF THE

| NVENDDO®Y Ghe 512808k r%efbt b ditg 8 coprentiondl rparifugahpugy impeléer fibwpwnpiep diyidgsunped
by accelerating the fluid through an inpeller. This invention provides a
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bal ance hol es. The inprovenents provi de honogeni zation to the two phase
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i ncreased vane 3 WD 03/076811 PCT/ US03/ 06546 exit angle, which is
t ypi cablly stilh bedwene gasdecked. about 50 degrees to about 90 degrees. The

10 [0007] A need exists for an ESP and method of pumping high gas containing fluids without
causing a pump to become gas-locked and unable to pump the fluid. Ideally, such a system
should be capable of being adapted to the specific applications and also be able to be used on

existing equipment with minimal modification.

SUMMARY OF THE INVENTION

15 [0008] Centrifugal pumps impart energy to a fluid being pumped by accelerating the fluid
through an impeller. This invention provides a novel method and apparatus for pumping well
fluids with a high gaseous content by utilizing a centrifugal pump with an improved impeller
design that is optimized for use in gaseous liquids. The improved impeller has a new vane

design, which can be combined with high discharge angles and large balance holes.

20  [0009] This invention introduces an unconventional split-vane impeller design with increased
vane exit angle and oversized balance holes. The improvements provide homogenization to the

two-phase flow due to the split-vane design. Pump performance is optimized by increased vane



oversi zed bal ance hol es provide additional gas and liquid m xing. [0010]
The split-vane inpeller conprises two portions, an inner radial nenber and
an out er woadioaésimrenber, with each portion having a differrwusoadéds of
curvature. An inner edge of the 5 inner radial nenber is offset froman
outer edge of the outer radial nmenber, w thout the inner edge of the inner
radi al_. r t act | ¢ t i | e%pef

i nner aggl% “&rlg%%gsr {@g% H&glgld%gr&fl%%?? a,?) h%ﬁgg?%é”eeggg dtl)jlfa Hfﬁg 0 teerg' rg I al
menber. The saﬁace bft ween thcf:..i nner %@ﬂ ou& er_.radi al nmenbers allows for

i mpr o9 EASIRFKbHIRcE ot @ruEtle addiiong! ges A IINg hgeni zi ng the gas in the
| i quid phase. 10 [0011] The inpeller has a plurality of flow passages that
are defined by a split-vane on one side .and a next split-vane qgn the
oppos 1480k The splitaanes imnallpn eampfises SHprigEenso B IBRFTaridil pymeber rd ahgPighce
hol e has a dianeter in a range of about 45%to about 100% of a di stance

t hat imlial measherewith reach pheionraemged digfeodnt trhdius nf ewrvetaek. alnniendregdge oftthe
outer edge of the next inner radial nmenber. This range for the bal ance

hof e dindPRideN ns@kbRSPONEE fdn anBubsrriies odtheadutbregdial hlenbeB 2Witldut 2B Binkr and
greater. The bal ance hol e can be substantially tangential to the
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split-vanes, exit angl es, ance hol es can be used as a charge

punp for .a traditiponal centrif I . .al t ernati ' er
ooy it BeiRe s BT ar GRTHC e FoalBe oo RS R, £YE spagbiben e
nore stages, within a centrifugal punp that also has,one or.npre . .
conveREhAaf |t etih éHerPtYﬁé I qu1€?"’§ . &H@%"e@e’i’?‘ﬁlﬁ LPgaﬁhe p‘(‘ﬁﬂg fb‘lln&) tRASHFE Lent
invention can be used as part of a well assenbly. A gas separator can be
i nst ahdredganing dargesin thadiquitanigee. punp to reduce the amount of free gas in
the 4 WD 03/076811 PCT/ US03/ 06546 systemprior to punping. O her
variations of the present invention will be known to those

10 [0011] The impeller has a plurality of flow passages that are defined by a split-vane on one side

and a next split-vane on the opposite side. Each flow passage comprises one balance hole. The
balance hole has a diameter in a range of about 45% to about 100% of a distance that is
measured from the inner edge of the inner radial member to the outer edge of the next inner
radial member. This range for the balance hole diameter corresponds to a diameter of at least

15 7/32”(0.2188”) and greater. The balance hole can be substantially tangential to the split-vanes.

[0012] A centrifugal pump containing the impeller with the split-vanes, high exit angles, and
balance holes can be used as a charge pump for a traditional centrifugal pump. As an alternative,
the impeller designed in accordance with the present invention can be used in one or more stages
within a centrifugal pump that also has one or more conventionally designed impellers. The
20  centrifugal pump of the present invention can be used as part of a well assembly. A gas

separator can be installed upstream of the charge pump to reduce the amount of free gas in the



skilled in the art and are to be considered within the scope of the present
i nvention. BRI EF DESCRI PTION OF THE DRAW NGS [0013] So that the manner in
whi ch t hewloestoaesas, advant ages and objects of the inventi aCcT/é®3medss 5 as
ot hers which will becone apparent, may be understood in nore detail, nore
particular description of the invention briefly summari zed above nmay be
had by reference to the enbodinent thereof which is il]ustrated in the
apperdyeidmdprae fegpumpinge h Otlesr vasiatieist ofothet present dpessttion cull e knpynite thesepe
not ed, however, that the drawings illustrate only a preferred enbodinent
of t hekiligdve tid ahamhateits bt bensafepadewitian thescope obihsipdescaidinkéntioni ng of t he
invention's 10 scope as it nay admt to other equally effective

enbodi ments. [0014] FIGURE 1 is a side elevational view of a centrifugal

punp disposed in a vigRPYE DEHIGRIPTICON OF BHEDRAWINSS ucted in accordance
with this invention. TOOI5] FTGQJRE 2 is a sectional view of a conventional

design of an i nﬁel | er taken along the line 2-2 of Fi ggétﬁ 1. 15 1£‘0016

FI GURBOB3]i So thathe sranser iy whish tha feeiuess, advaniggey androbigety oidhe dneptietgaslunp
of Figure 1, taken along the line 3-3 of Figure 1. [0017] FIGURE 4 is a
seéct i snatherei whichf will dieédrus eppand, amyi hpelnderstaodkisn maire rgtatl angre rgardcyarof

Fi gure 3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 [0018] Referring to the

dr awl Q@sriptfonguf &hd iaeafical bilell pusinsarzededtovd Omwy the dad ubyraetidice fouthe
assenbly 11 installed within. The punp assenbly 11 conprises a charge punp

12 conpasfidt i3B10iR8d f%réﬁésﬁ%/ QA G isaN i d g PywaR dBmishat
has a sea lﬁ%gctg?rggf%ngftsa%ﬁed ?o It a ean el ect%%c notor 16 lslhljgigrnerged
specification. It is to be noted, however, that the drawings illustrate only a preferred

embodiment of the invention and is therefore not to be considered limiting of the invention’s

10 scope as it may admit to other equally effective embodiments.

[0014] FIGURE 1 is a side elevational view of a centrifugal pump disposed in a viscous fluid

within a well, constructed in accordance with this invention.

[0015] FIGURE 2 is a sectional view of a conventional design of an impeller taken along the line

2-2 of Figure 1.

15 [0016] FIGURE 3 is a cross-sectional view of an impeller of the centrifugal pump of Figure 1,

taken along the line 3-3 of Figure 1.

[0017] FIGURE 4 is a sectional view of a diffuser and an impeller taken along the line 4-4 of

Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

20  [0018] Referring to the drawings, Figure 1 generally depicts a well 10 with a submersible pump

assembly 11 installed within. The pump assembly 11 comprises a charge pump 12 connected to



inawll fluid 18. Centrifugal punp 13 has standard design inpellers. The
shaft of notor 16 connects to the seal section shaft (not shown), which in
turn i s ceonBaresdito a gas separator 19 that is connect eddmudodescsahar ge
punp 12. The punp assenbly 11 and well fluid 18 are located 5 within a
casing 20, which is part of the well 10. Punp 12 connects to tubing 22 that
is needed.to . conv the well fluid 18t storage fank ot., shown) o

pi pel Pﬁ@%‘fﬂ%ﬂ@éﬁ@]ﬁlﬁrﬁi tigt B 52h iR, h% aliacbein ¥ and S%F%Méoqf)w%@m%g%f
shows one enbodi ment of the invention. Qher variations include the

om ssimnwell fitié 1§aLsepaeal prnn 93 des stapdaid degien dnpelleenhe shafhpf piotgy 103
that conprises at |east one inpeller designed in accordance with the new 10
i nventomeets @ tersealisdctibh ehafa (i tshowms), witlidh metuknaveonhecteéd i gaksdphmtori 19 t he
art and are within the scope of the present invention. [0020] Figure 2

i | ustipat@dnAetQnMenbicBmgk!pindesi. 9Mes piuip elsbe@ibl ¢4 1 taak anelnfeiAg & 48 1bdangl of
2-2 of Figure 1. Inpeller 24 conprises a plurality of vanes 26, each which

di scharges flui da X : i - j have
2 Sini Do Gt RSyl or Y AL ES, 2R T5c0R Bl SAER Dy PR SESLAD 12
degrees to 35 rees. Inpeller 24 n have bal.ance hol es 30. Bal ance

hol esc%e&ﬂ@W%ﬁﬁ?l&&%&g@ﬁ(&ﬁg%@%gﬂigh% BPPYYHi cal |y positioned closer
to a back, or concave, side 32 than the pressure, or convex, side 34 of
each vane 26. [0021] Figure 3 illustrates an. inpeller 40 that has been
desi gHWd9% Fhesdwnaahiceowne RseRBLp bdemeted in, ?érﬁhf“éfﬁé?ﬁeérf@’ﬁﬁmﬂ%o e of
3-3 of Figure 1. Inpeller 40 conprises a plurality of vanes 42. 20 Vanes
42 coppeitga. t Athgi eriesonsamdludeethe raissibn oérthe rgag 4eparatond dout die ysadifapne
menber 46. The inner radial nmenber 44 and outer radial nenber 46 have a

di f f ecaiifup@divasp 08 thatrooaipHses atliebdd dnbémpeiratesigadd &l acoendmre 4dthhtheiney a

| arger radius of curvature than the outer radial nenber 46. The 6 WO

01?(5 07@%&%ioaqéﬁ4§p§£i%@ﬁe4@aﬁaﬁons will be known to those skilled in the art and are within the

scope of the present invention.

[0020] Figure 2 illustrates a conventionally designed impeller 24 taken along the line of 2-2 of
Figure 1. Impeller 24 comprises a plurality of vanes 26, each which discharges fluid at an exit
angle 28. Vanes 26 of conventional design have a unibody, one-piece design. Exit angle 28
15  typically ranges between 15 degrees to 35 degrees. Impeller 24 can have balance holes 30.
Balance holes 30 are located between vanes 26 and are typically positioned closer to a back, or

concave, side 32 than the pressure, or convex, side 34 of each vane 26.

[0021] Figure 3 illustrates an impeller 40 that has been designed in accordance with the present
invention taken along the line of 3-3 of Figure 1. Impeller 40 comprises a plurality of vanes 42.
20  Vanes 42 comprise two pieces, an inner radial member 44 and an outer radial member 46. The
inner radial member 44 and outer radial member 46 have a different radius of curvature, with the

inner radial member 44 having a larger radius of curvature than the outer radial member 46. The



| ength of the inner radial nenber 44 is greater than the |length of outer
radi al nmenber 46. The inner radial nenber 44 has a |arger radius of

cur vat ur ewchanw7esdhe outer radi al nenber 46. Preferably inmraT/vadioedse menber
44 curves about the sanme as an inner portion of vanes 26 of the prior art
inpeller 24 of Figure 2. Quter radial nmenber 46 curves nore sharply. 5
[0022], T ne configuration of th esent i nvent i I.S:

spli t@%ﬁg O}cl f?ﬁﬂr%ﬁggﬂ%en}bﬁr 32 1ss%rle?tp?@1§ﬂ ecloe gt:ﬁgc;l}trdau? %}oﬂr%,alagﬁ.lglgﬁ)gé\%g glhge 48
of the inner radial nenber 44 is offset froma convex i de Sg of the, outer
r adi al npgmsdiel Aeemigrt Hblies phrgs Fadve ofi FEVAgeonaR HBE (s AR RO o 44
contacting the convex side 50 of the outer radial nenber 46. The outer end
of i nrizeferablli miner radinbarendubr idd cufes eboutrtbersamelas Muinnee RAIionIHE VERGSeIO eindeof
outer radial nenber 46, as shown in 10 Figure 3. The outer end of inner

r adi al prive @ empdider 0anf Fgne 1 Dutertridalimaabereidduofes ondresharalji al  menber 46 i f
the inpeller Is rotated in a different rotation direction. A gap 45 exists
between the outer end of inner nenber 44 and the inner end of outer radial
merberodfz] THa& 288 LbAAMANEH dhe PRYELt RV RKbA iPElee a&%lii—b@f_ﬁe donPigamitiby. maRYES
bet ween about 50 degrees up to about 90 degrees. The exit angle 51 is
measur i togt 1 Hol eI} : 0 a
R e G e e P i R
Split-vanes 42 al so conprise plural .ty of flo S es 52 defined qgn one
orde. Yttt e MeBtroGT e 35 e bise Sy B BENEY Sher ST RE 20
side 54 of the outer radial nenber 46 and on another side by fa convex _si de
56 of cniesng thenenverdidel SGrefits outar wdipl tpembEMbex 18F datersdodt Bngpiadiadyt er
radi al nmenber 54. A balance hole 58 is located in each flow passage 52.
Each 20ecrhiadraidcie ofisbiefraf et thnglEadpihariond: reothod acter padishgemdar 4hrasuhwnhe
upper side or shroud 59 of inpeller 40. Bal ance hol es 58 have a di aneter

inoa rapge 30f Tebewkr 4 % A bkl nldfbdomaf cad alsh shidnieintOr smbsliowtdr faddeh t he
concave side 48 of the inner radial nenber 44 to the convex side 56 of the

?ﬁcgni@%ﬁﬂer B9 Rl 1TBERG s Afated th SRR TRRHSMEAL g2 i45RBIBRFEEH the
outer end of inner member 44 and the inner end of outer radial member 46. The split-vanes 42
have an exit angle 51 that typically ranges between about 50 degrees up to about 90 degrees.

The exit angle 51 is measured from a line tangent to the circular periphery of impeller 40 to a

15  line extending straight from the outer radial member 46.

[0023] Split-vanes 42 also comprise a plurality of flow passages 52 defined on one side by the
concave side 48 of the inner radial member 44 and a concave side 54 of the outer radial member
46 and on another side by a convex side 56 of a next inner radial member 44 and the convex side
50 of a next outer radial member 54. A balance hole 58 is located in each flow passage 52. Each
20  balance hole 58 extends upward from each passage 52 through the upper side or shroud 59 of
impeller 40. Balance holes 58 have a diameter in a range of about 45 % to about 100 % of a
distance 60 measured from the concave side 48 of the inner radial member 44 to the convex side

56 of the next inner radial member 44. In a preferred embodiment of the present invention,



7 WD 03/076811 PCT/ US03/ 06546 bal ance hol es 58 are substantially
tangential on opposite sides to the inner radial nenbers 48, 54 of the
vanes 42 deriresyit he fl ow passage 52 in which each bal anaeTmsos/0&36i s

| ocated. [0024] Wth reference to Figure 4, centrifugal punp 12 has a
housi ng 61 (not shown in Figure 2) that protects many of the punp 12
conponents. Punp 12 contains a shaft 62 that extends 5 longitudinally

t hr ougslatideeropd 158 a2 subistantinidetangertial ombypasite silas td thkliynes hadial)mérmbes 48, 3hner
portion with a bore 66 through which shaft 62 extends. Each diffuser 64

cont abf‘ﬁ)e%ﬁsuﬁfﬂeﬁhﬂlg‘%ﬁe 118HS28088 58 : Whith c8XH BAlghdeHodighistibeutell. f f user 64.
An i npe is placed within each diffuser 64. Inpeller 40 al so

i ncludes a bore 68 that extends the length of inpeller 40 for rotation
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shown ace ween er an ower rtions bet ween t he

i npel lL.er 40 and diff 25 tt

wht oh U e ge St F Gur 161 w@nfnqgeoﬂtﬁ%?aé.wa i et 2 B ey 1
is discharged radially outward through passages 52. The f|UId 18 fl ows

| riar Brefvbugly Brovaiste pees dgesDEBIARAT QLY RECE iRl FIRERAASP B RGxt

stage inpeller 40, which increases the fluid 18 pressure. Increasing the
nunbepowibn stithgeborb o Gatittiugl witcle shafpéd bxgesds. Facholifinr ditfcbugess: @uradignol
increase the pressure of the fluid 18. [0026] The split-vane geonetry

M ni MpzRseck 38 mitaes@enaetnﬁfughlt@@ difuséresit C ARG mipBRerpteRSplaced Withih enentlifflser
bet ween the pressure side, concave side 48, 54, and the suction side, or

convexy gguéf%o %% %ﬁm@s X%ﬁfe %% thiatxtBedsPe B gth A Ml 131180 AB 6N € thiYorOf

t he two- se flui gap 45 between I nner radial nmenber 44 and outer

radi a he fluj 0 b 4
al | O\Af%fg%gg é eé4 gfé’rgiafz’% W&)th SE)%{ S@e n%%ﬁ mg@eﬁégﬁ%g& Hglﬁéﬁre g?éh?z ed
E?Qljgng%@/g%]%e ?lgpe(:)rpa%gsimggr gorxl'tel!or&)sabse%v%‘gee\,\ﬁy it rhr;:? Ei(t) Ieurl]c? dxff']ues"m]c 540 nt, or upper,

[0025] Impellers 40 rotate with shaft 62, which increases the velocity of the fluid 18 being
pumped as the fluid 18 is discharged radially outward through passages 52. The fluid 18 flows
inward through diffuser passages 65 and returns to the intake of the next stage impeller 40,
which increases the fluid 18 pressure. Increasing the number of stages by adding more impellers

15 40 and diffusers 64 can increase the pressure of the fluid 18.

[0026] The split-vane geometry minimizes the phase separation by reducing the pressure
differential between the pressure side, or concave side 48, 54, and the suction side, or convex
side 44, 50 of the vane 42 that helps maintaining homogeneity of the two-phase fluid. The gap
45 between inner radial member 44 and outer radial member 46 allows the fluid to flow between
20  the members 44, 46, allowing for greater homogenization between the two phases. The
oversized balance hole 58 opens up the passageway connecting the front, or upper, side and the

back, or lower, side of the impeller 40 that makes the space in the balance chamber on the back



back, or lower, side of the inpeller 40 that makes the space in the bal ance
chanber on the back 8 WD 03/076811 PCT/ US03/ 06546 side of the inpeller
avai | abl ewloons/oaekdit i onal gas and |iquid m xing. The | ar ge MaAMESBX6346 angl e
51 aligns the secondary flow lines fornmed inside the inpeller in the
direction of the main flow. The alignnent is due t% tﬂggchangfs [ %}ow
di r ectiflonf the Frepellar veailafafe adfitional spaaad Bguidaaring yTheligee YHe SkHiangErde of

t he pressure gradi ents between vanes. |Inner and outer radial nenbers 44, 46
5 havaligh fifeescentdaraflow lofes Gurmedtingids the frepelid file therdiraction pf Hicdsain flovhellid xi ng
of the materials in the two phases. As a result, the influence of the flow
i Nt hgihaeadaidye i@WRI chdRESR ih MRwdiddtibh,ake berved sigperofdisevine Lfgeofdeayy atde in
t he boundary | ayer and possibly a | arge energy | oss, but only under

certagn iﬁﬁt‘[e%?érg% %gﬁ%ss L glzztgheglﬁaﬁg%g?]n shet NensrSHR GG RERS Msheldgd, empses,

t he gaseous fracti I ed wmth the conpression of the two-phase
fluid. 10.[0027] .Th u of .t.he..present...i nyent j rge
i BHEAUTOP B e DRl TReHEPRLOS P, et B R afs B 07
tandem configuration, As an alternatjve, &h Si I? centrifugal pu can
be utiWq phages: Wt a Fesyltathe ipiduance gEtherlavh i § Fr%@}nil ¥ 1HES Pa%h“ei“ﬁalaé@’é?’rnga?nce
with the present invention and at |east one conventional inpeller. [0028]
In a dmsesum tpdldvoate inrthe bhendraynryef fndpessibyy pdangp SnPigydess Pel puly UBger he
phase separation 15 due to the gas velocity being significantly |ower than

t he | ¢dtairdcinahReintys. and ah keanpleand the divehariga praisurthecreaspe) theigasedhs Fragidnect
becones relatively smaller if the gas is well mxed in the liquid. The

interm@(ﬁﬁe@mptﬁ@&ﬁﬁpﬂe&i&h@f_theW&sﬂ&esﬂuﬁd.ow is so large that the punp
performance wll not ~dramatically decrease until phase separation occurs.

The invention perfornms well in fluids that contain up to about 50 % vol.
fo 1 1 ' | sk ANt FGeSnv R nal
25 i ok OFB T QA 0 AT foplmpiven s
centrifugal pump, preferably in a lower tandem configuration. As an alternative, one single

centrifugal pump can be utilized that has at least one of the impellers designed in accordance

with the present invention and at least one conventional impeller.

[0028] In a gaseous application, the pump efficiency is mostly controlled by the phase separation
15  due to the gas velocity being significantly lower than the liquid velocity and the vacant zone
inside the impeller. This effect becomes relatively smaller if the gas is well mixed in the liquid.
The interphase drag force in the homogenous flow is so large that the pump performance will not
dramatically decrease until phase separation occurs. The invention performs well in fluids that

contain up to about 50 % vol. of free gas.

20  [0029] The invention has significant advantages. The present invention performs well with
fluids containing up to 50 vol. % free gas, which is significantly higher than previous attempts of

using a centrifugal pump with high gas content fluids. The present invention prevents



fluids containing up to 50 vol. % free gas, which is significantly higher
than previous attenpts of wusing a centrifugal punp wth high gas content
fluids. The® @ressamt i nvention prevents 9 WO 03/076811 PCHAIARL065H46
centrifugal punps from becom ng gas | ocked due to a high gas content in the
wel |l fluid. The new design also i%Proves t he perfornmance of LB@

cent CRIERR! pURRS B berorung eaylacke femip a highngasi qoptenk iy ther elt fluitk yTBE ¢ he
punp. [0030] While the invention has been shown or described in only sone
of | ewfdesigs,alia isprovbs theeperforappes efithet eentitifvgel ks &y inpreasies Hret headat it
is not so limted, but is susceptible to various changes w thout departing
f r omeheitg caperfdieddyefitivgntp.on. [ 0031] For exanple, the inpeller design of
the present invention can be used in other types of applications besides
in wlls. Oher applications will be known to those skilled in the art.

Anot heg30f¥ANR e iifvehEl hhd'BednBBIh SR deRMbEE idSRE offe BHtifeforthy REShoRld BYINPI ng
systens besides 10 ESP's. Qther applications can include use of the

i gpel | ers wit.hin surfac u ur by. ' i

oot e e o HOSE btk 85 s RRL A bGP b Y b SR ORERy changss | o
or downstream of the charge:? np of .the present invention. 10 WO 03/076811
PCT/ sy @@ngWEHéﬂ§Fﬁ?pq91%98%ﬁ??@*ugal punp conprising: a plurality of
inpellers; a plurality of vanes on the inpellers each of the vanes having

an inner radial nmenber and 5 an outer radial nmenber, defining a plurality
of fIMfF1pHesepaeple, the impeller design of the present invention can be used in other types of

applications besides in wells. Other applications will be known to those skilled in the art.
Another example is that the impeller can be used for other types of pumping systems besides
10  ESP’s. Other applications can include use of the impellers within surface pumps and turbines.
Various equipment configurations can also be used, such as placing the gas separator upstream

or downstream of the charge pump of the present invention.

10



wherein the inner radial nenber and the outer radial nenber have a
different radius of curvature; and wherein an outer end of the inner

radi al nmewlpess/oresiof f set from and | eads an i nner end of treETOURBN6I4adI al
menber, considering a direction of rotation. 10 2. The punp of claim1
\Ahere\;vn iﬁe i nner radial menber has a | arger radius of curvature than the
out er " P& menber. 3. The punp of claim 1l wherein the outer radial nenber

of the vagg r£a§4 aQ exit an I.re1 in the range of about 50 degrees up to
about'-90 deé§rEayed 1?”%@%&%% ®f claim 1 wherein the outer end of the inner
radi al nenber is separated by a 15 gap fromthe inner end of the outer

radi al rrerat)iﬁﬁrah@of‘lih@epuﬁp of claim1 further conprising: a balance hole
| ocated in each fl ow passage and extendi ng through an upper side of the

i npel I er; and wherein each of the bal ance hol e% has a.di arreqtﬁ nl? gnge
of about #EPlysetily efbewues aptheogpotiers each ofitas yanes hRWNGAR Ao LAd it TRIMbSY

nb - h unp of claim5 wherein each
rr$ tﬁae 11?%5%@%%%55 fgesfmsn(P %@?ggfﬂm@ ﬁg%ﬁtsf)m on opposite sides to the
i nner radial menbers of each of the flow passages. 7. A centrifugal punp
conpri si ng;vhe‘reﬁn\tm D30 763 InHur U0 3068 46radil phambzrihaye efdifferged jadiug;ofa
pl ural Iﬁ‘ﬁ% vanes on the inpellers, defining a plurality of flow passages;
a bal® urF‘l’oarné1 located in each flow passage and extendi ng through an upper
side of the

wherein an outer end of the inner radial member is offset from and leads an inner end of

the outer radial member, considering a direction of rotation.

10 2. The pump of claim 1 wherein the inner radial member has a larger radius of curvature

than the outer radial member.

3. The pump of claim 1 wherein the outer radial member of the vanes has an exit angle in

the range of about 50 degrees up to about 90 degrees.

4. The pump of claim 1 wherein the outer end of the inner radial member is separated by a |

15 gap from the inner end of the outer radial member.
5. The pump of claim 1 further comprising:

a balance hole located in each flow passage and extending through an upper side of the

impeller; and

wherein each of the balance holes has a diameter in a range of about 45 % to about 100 %

20  of a distance between the inner radial members of each of the flow passages.

6. The pump of claim 5 wherein each of the balance holes is substantially tangential on

opposite sides to the inner radial members of each of the flow passages.

7. A centrifugal pump comprising:

11



inmpeller; and 5 wherein each of the bal ance holes has a dianmeter in a range
of about 45 % to about 100 % of a distance between the vanes of each of
the flow m&gaﬂl 8. The punp of claim 7 wherein each of HdTeUd»akesace hol es
i s substan l.ly tangential on opposite sides to one of the vanes. 9. The
punp of @I‘F%¥ ‘Vﬂ@?%f S;each of the vanes has an inner radial nenber and an
outer 10 radial nenber wherein the inner radial nmenber and the outer

radi al n%rm%m%\fera@esdmfth@irﬁﬁénerg @Gﬁl‘ﬂﬁg e LaHlty I YIoR paBskasher ei n an outer
end of the innér radial nenber is offsét fromand | eads an inner end of

the outer radial nenber, considering a direction of rotation, and is spaced
t her ef r omtsiange bals. loaated irheachyfave prsshgecins ertendipe Hupwetea HDRST stdeeofhe ance
holngfzl élfer lastantl ally tangential on 15 opposite sides to the inner radial

P& B each of the flow passages. 11. The punp of claim 10 wherein the
i nner radial nmenber has a larger radius of curvature than the outer radial
frenber . Z{I\ZLereTﬂleachlﬂf}ﬂqdﬁalﬁioaihﬁlei%am éia@ietertih @ raigeaef abauti 45 %rreabart 100 %each of
the vanes has an exit angle in the range of about 50 degrees up to about
90 aé@ﬁesé%lcebﬁvvfgntfw§9§wrﬁaﬁ%9 e dornpSspesaiseous fluid conprising: a

centrifugal punp having a plurality of inpellers; a plurality of vanes on

thegi ”pehlhgrg% nBR&Nc8m hEh¥aResadiayt Mg tAhnkd Meles 1§@h§éta et‘én fdal & outer
radi al nenbeéer, "defining a plurality of flow passages; 076811

PCTbmsmfb@'ﬁlSﬂ’E) ongtvditled yenehe i nner radi al nenber and the out er radi al nmenber
have a different radius of

9. The pump of claim 7 wherein each of the vanes has an inner radial member and an outer
10 radial member wherein the inner radial member and the outer radial member have a different
radius of curvature; and wherein an outer end of the inner radial member is offset from and leads
an inner end of the outer radial member, considering a direction of rotation, and is spaced

therefrom by a gap.

10.  The system of claim 9 wherein each of the balance holes is substantially tangential on

15  opposite sides to the inner radial members of each of the flow passages.

11.  The pump of claim 10 wherein the inner radial member has a larger radius of curvature

than the outer radial member.

12.  The pump of claim 10 wherein the outer radial member of each of the vanes has an exit

angle in the range of about 50 degrees up to about 90 degrees.
20 13. A system for pumping a gaseous fluid comprising:
a centrifugal pump having a plurality of impellers;

a plurality of vanes on the impellers each of the vanes having an inner radial member and

an outer radial member, defining a plurality of flow passages;

12



curvature; wherein an outer end of the inner radial nmenber is offset from
and | eads an inner end of the outer radial nenber, considering a direction
of rotatiwgosdmresibal ance hol e | ocated in each fl ow passagecamsosxéandi ng

t hrough an upper side of the inpeller; and wherein each of the bal ance

hol es has a dianeter in a range of about 45 %to about 100 % of a distance

bet t he,ine adi al_menh f the f .
oystom of | Sae s fetan T EREbR, Al BRCG o liaf plhRpt BARSP iRt bacil6F

cur vagykgurel0 than the outer radial nmenber. 15. The system of claim 13
wherein the outer radial nmenber of each of the vanes has an exit angle in

the range of about 50 degrees . up to . about, 90 degrees. 1 he system o
clai m 13 WHEPEIha geiRT &% ?%@e%eéﬁ@éﬁﬁﬁ?@%erilgo Jromep ilqaés f‘%ﬁfé’@ﬁ{en%f) on

0PPOsiit e 8ol A . LANGrhad ke lERGh gk, each of the flow passages. 15
y clrarm Pu

17. The systemo ther conprising a gas separator |ocated
upstream of the punp. 18. A nethod of punping a gaseous fluid in a well,
cahpri si ngabhknéohblevibermedsinegsh flaw passagedindgexdernciang thirdughaan wrnep sslerpdrihsi ng
a plurality of inpellers with a plurality of vanes on at |east one of the
inpelF%W%bééWﬁning fl ow passages, wherein the vanes include an inner

radi al nenber and an outer radial nenber such that the inner radial nmenber

and the ou{BEredPedcBdrdle BRIHRE hoRAUSs Adiikieiehkanza dif Wbon M5y Ry aliaut ¢0apt an
outer end of the inner radial menber is offset fromand | eads an i nner

end, obndisthees befwaenithedendr sadigfmernless pbeach £ #ha Bov pprgiSed by a gap from
the outer radial nenber, b. lowering the punp into the gaseous fluid in the

\r/)\ﬁlrrlp 15 1TRRL 8}(;3[5&{1 NG 1A 1935RQUR the Hinlr LAEQ i b B8s DRG] B8ius SPLhvEkga!

10  than the outer radial member.

15. The system of claim 13 wherein the outer radial member of each of the vanes has an exit

angle in the range of about 50 degrees up to about 90 degrees.

16. The system of claim 13 wherein each of the balance holes is substantially tangential on

opposite sides to the inner radial members of each of the flow passages.
15 17 The system of claim 13 further comprising a gas separator located upstream of the pump.
18. A method of pumping a gaseous fluid in a well, comprising the following steps:

a. providing a centrifugal pump comprising a plurality of impellers with a plurality
of vanes on at least one of the impellers defining flow passages, wherein the vanes include an
inner radial member and an outer radial member such that the inner radial member and the outer

20  radial member have a different radius of curvature and an outer end of the inner radial member is
offset from and leads an inner end, considering a direction of rotation, and is separated by a gap

from the outer radial member,
b. lowering the pump into the gaseous fluid in the well;

C. introducing the gaseous fluid into the gas-handling centrifugal pump;

13



13 WD 03/076811 PCT/ US03/ 06546 d. rotating the inpellers, causing the
gaseous fluid to flow through and out flow passages, wth sone of the
fluid cirew@teeeiback t hrough the gaps between the inner awud/weB®ess4er adi al
menbers prior to discharging fromthe fl ow passages. 19. The net hod of
claim 18 mherein step (d) conprises discharging the fluid fromthe flow 5

passages at, an |t a le in the ra of abou 0 d qut 90
fogr oos. 28 s HuanOR Broeles! Rrisal they HsroGomit i f SeuPhani g B P
removyp %a%"éfs mﬁ%bn@oaﬁhgmld El&&inte@%aa@aﬁ (»]gm fhlWals BEtwRED 49 inAbF QetiGhRe the
gaseous f uid into the punp. 21. The netho f claim18 further conprising

pl aci ragicdmengwss pravrdo difghargiogdion theelldvepasseigasnst ream of the first nentioned
inpel ler, the additional |npeller havi ng uni body vanes that 10 extend in a

ggnt ' PyouSTHYY e?hc;dr S ﬁ@ brefl gtep ?d)acon%j %segtdls%fxar%m% tﬁg ?Ilu d f8 1%' the rﬂ)el ler.

5  passages at an exit angle in the range of about 50 degrees up to about 90 degrees.

20.  The method of claim 18 further comprising separating and removing at least some gas

from the gaseous fluid prior to introducing the gaseous fluid into the pump.

21.  The method of claim 18 further comprising placing at least one additional impeller
downstream of the first mentioned impeller, the additional impeller having unibody vanes that

10 extend in a continuous curve from an inner end to an outlet of the additional impeller.
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