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invention relates to an inproved punp, and particularly, though not 5
excl usi veWwg 20t/mi63egener ati ve punp. This invention al soPCelGi2es/ao22an

i nproved inpeller for use in a punp such as a velocity punp, e.g. in a
regenerative punp. The invention also relates to the use of an inproved
punp such as regenerative punp in Electrical Subnersible Punps (ESPs), in

oil punps for, e.g. gas turbine engi p' gear boxes, in fuel punps
for, e.g. autonotive vehicles, in i Mess 10 applications, e.g.
i n pharmaceutical process manufacturing or petrochem cal processes, and/or
in water purrgai 58 I n ﬂgl le fire engines (al so known as water tenders).
BACKGROUND T unps are the single |argest user of electricity
in industry in therrﬂJlﬁr%ggd; k%lht@leitoaad iafprchSﬁurpptrrasdA pmﬂﬁulairiyuglacbuglbunms_
represent approxi ate o of a ugp. types. entrifugal. pu is
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energy given to the flurd 1s proportional to the velocity at the tip of the
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inparted to the liquid. The Kkinetic energy of _tr}_e fluid di schaéﬁed fr(?mthe
i npel I er is JURSREPELANG(Pr N MAHErRYIMPS £ b APRkle fike LRAINES RIFC T @p yater
resistance i gefdep@t ed by the punp volute that catches the fluid and sl ows

it dowmn. In the discharge region, the fluid further decelerates and its
vel ocity is converted to pressure according to Bernoulli's principle.

Therefore, thBACKEROUND FOIRVENTION referred to as 'head' when defined in
terms of height 0 veloped is aé)proxirrat,ely equal tofwh vel ocity
user t ,eeE(

jhi of_t1Turd) devel oped :
energy aP the per ifHIASy G theringleJanopely user of electrgtyiip Anqystry i Y@@ han

500 gpm capadidion, areebt tHobe! GHRmpRU EBStrifig8l b%g@h&’prbﬁ@{tfdmhﬁnhateﬁuﬁs% of all
principally to the low velocity 1nparted to the fluid en such punps are
driven by corR¥BifYPeiailable drive means such as 1725 rpm and 3450 rpm

(50Hz- 3560Hz) el ectcehtrfugBl pirmp is \WOratBdykatlid HAMBChaCBREEL 4/ (HRiRd 2mpelidrk® t he
centrifugal F?rlmjcrIepéset trf]\g prrgs%%pee(r)fa; iﬂ\l.lli%. pllrélrgpcienstrileiJgé\(Ii pnu%g,%hg liJm éllerk-) \OV%Yc%rtypically
20 carries between 4 and 8 vanes - rotates and increases the kinetic energy of the fluid
that is being pumped. This kinetic energy is then converted into pressure energy by a
stationary volute or diffuser.

The amount of energy given to the fluid is proportional to the velocity at the tip
of the impeller. The faster the impeller rotates, then the higher will be the velocity of the

25 fluid at the impeller tip and the greater the energy imparted to the liquid. The kinetic
energy of the fluid discharged from the impeller is converted by creating a resistance to
the flow. The first resistance is created by the pump volute that catches the fluid and
slows it down. In the discharge region, the fluid further decelerates and its velocity is
converted to pressure according to Bernoulli's principle. Therefore, the pressure

30 (commonly referred to as ‘head’ when defined in terms of height of fluid) developed is
approximately equal to the velocity energy at the periphery of the impelier.

Typically small, (less than 500 gpm capacity), centrifugal pumps are largely
inefficient, due principally to the low velocity imparted to the fluid when such pumps are
driven by commonly available drive means such as 1725 rpm and 3450 rpm (50Hz-

35 60Hz) electric motors.
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the regenerative punp can in many applications offer a nore efficient
alternative. In a centrifugal punp, fluid only travels through a
centrifugab 2ompeid3er once. In contrast, in a regenerati yeTmBpii/dbazed
travel s many tines through the vanes of the 5 inpeller. A regenerative
punp uses an inpeller with turbine-type blzades nount ed on the periphery
running i n an annul ar channel surroundi ng“t he periphery of the inpeller
hub. In a known design, the, inpeller, has radial vanes chined in
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When t he underground pressure becones insufficient to force the oil to the
surface of the oil well, an increase in the recovery factor can be obtai ned
by appl yiwgQ ucionesary recovery nethods. These mnet hods t ypirGHs2by/tonzkude
injection of a fluid 20 under pressure such as natural gas or water, or
the use of Artificial Lift Systens (ALSs) such as Electrical Subnersible
Punmps (ESPs) which are inserted at the botX om of the mell The use of
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rotating at approxi mately 3000 rpm_ There Is cut{rent I ﬁﬁl i m tﬁd experience
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Therefore, the Bf pariRlial RipifichRce hibiﬁJdedEléTctrfcbleSuﬁmB&&ﬂe frRUmgn (ﬂz&mr)omeobnpurrp
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into thepoi | gngldingurbiRé bedrbexegzeed for recoveri ng the pr oductl on tubi ng.
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use in electrical submersible pumps, and of such dimensions so as to be capable of



WO 2011/ 101636PCT/ GB2011/ 000222 5 Therefore, the present invention
has identified is a need for a regenerative punp, particularly a multiple
st age regepaepatiovasspunp, which is capabl e of applicati oRrCrcERIDe@I2OX Oi |
system e.g. a wind turbine gearbox oil system and which can be operated

in both directions to facilitate a pressure (feed) or scavenge (return)

Slubrication system Fuel punps fof use i n, aut onoti ve engi nes,

can be of various. designs. Ther u suitable for. yse in
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regenerative punp having inproved weight/size ratio an

char act eri st iacgombingd fqeéj EHPRIY) aed Sﬁveﬁﬂel(é%%'f‘) QA do%hh HFWE%F“‘SP{SS%n P &8st
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punp, e.g armltlstagSft 0 regenerative an _obj e@h of at

| east one eni®Hgingehsubstantial Iaé‘l%'ﬂt BEée%ig‘ﬁe%'f mixes with %%‘bl‘ﬂc"?aﬁ@%r\ i)

provide a casidadiohQly, WeLobdting cHahiHerd ¥ é’rléfa)undi-:‘rgzhffeﬁ\lnglﬂrés@?@em@l@ﬁﬁert@tI ve
punp. WO 2011/ 1016§IBPCT/ GB2011/ 000222 SUMVARY

Accor di ng t o Paevent deoding, @ach shamber is r’%@%‘ﬂ'ty RreNider Y"B"r‘l at ?F@?’%nqesp‘ﬂP%v iG&Pla

punp, sigh asieRidge@raRhaiheVRed Winp hBAn&Ras aMAry Sévvgalﬁbodt@mswfﬁ?éasptﬂﬁp
unit, the at | east one punp unit conprising a caslng or 'Pﬁ%@gﬁ/ggrl si ng

a fluid chanrfépvengeunIPg haye iseiyap ehwhwahasada%elf Femeqt: Jﬁ@ ans
provi ded i nsiiQQ thd\ScahBREdSurhSY arBWidtk RENSitAR to priming problems.

Therefore, the present invention has identified is a need for a regenerative

pump, particularly a multiple stage regenerative pump, which is capable of application

25 in a engine oil pump, e.g. a gas turbine engine oil pump or an automotive engine oil

pump, and which can be operated in both directions to facilitate a pressure (feed) or
scavenge (return) lubrication system.

In a wind turbine, gears typically connect a low-speed turbine blade shaft to a

high-speed generator shaft. Rotational speeds increase typically from about 30 to 60

30 rotations per minute (rpm) to about 1000 to 1800 rpm which are required by most

generators to produce electricity. This power transfer is conventionally carried out

through the use of gearbox. The gearbox is an onerous and heavy part of the wind

turbine which requires lubrication. Typically, lubrication is performed using positive

displacement oil pumps similar to the oil pumps used in gas turbine engine oil systems.



fluid through the fluid channel or fluid passage channel, wher ein
the casing or housing conprises at | east one inlet channel and at |east one
out | et chaorelt/ioms3eonmuni cation with the fluid channel ecTidBd/Pexsage
channel, the at | east one inlet channel and/or the at |east one outl et
channel each conprising a 10first or axial portion at |east partially and
preferably substantially paraIIeI to an axXis of rotation of the at |east

one inpeller. The xial" nd/ S; HRY I " to
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casing o itfsbrﬁg&pn-rshgt at least one inlet channel and/or the at |east one
out | et ann y conprise a second portion extending fromthe
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second pprti Qumpiig Ma(emdeafdnngnuﬁ e prodiiced pmsmagmanﬂnamuban progessi rémnliadm at
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fluid f1ow wrdeeshaanuachn "15‘8§§a ga bR e Rehp BN RGN, byl 3, rphES Pufthi

the at | eﬁst vénechdmeélls@bstaiﬁm eaf aBaktipgrin |o®rprora;cee>uyea1@efroazrm'¢ai proagisel
passage chann in a direc n east parti

subst anti al | ﬁ*@éﬁu@@rﬁﬁe&ﬁ%%P%mBBH'Eﬁbi%%’GES? |nﬁ8°?ﬁsowrﬁ’é R?\gnnﬁyﬁ %ﬁﬁihﬁ:’pm#d
portion and t\ﬁlﬁgﬁdsubdaﬁlﬁ@&ﬂ@%eﬂ’ﬁﬁﬁm@le chByacsdieticspr ovi si on the flow of a
fluid into and/or gut of the fluid pa

reducti & in flui JVPPERYIPE S f%rrHSPy" f%%}g)neg)%?pv%fqﬁqegse t)m%dalllgygg‘grgz)
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ef ficiency ofwitée gowipd nByd big @rdhaereetes, having improved welght/5|ze ratio and/or
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20 it is an object of at least one embodiment of at least one aspect of the present
invention to obviate and/or mitigate one or more disadvantages in the prior art.

It is an object of at least one embodiment of at least one aspect of the present
invention to provide a regenerative pump having improved weight/size ratio and/or
performance characteristics.

25 It is an object of at least one embodiment of at least one aspect of the present
invention to provide a multistage regenerative pump having optimised weight/sjze ratio
and/or performance characteristics.

It is an object of at least one embodiment of at least one aspect of the present
invention to provide an improved impeller for use in a velocity pump, e.g. a multistage

30 regenerative pump. |

it is an object of at least one embodiment of at feast one aspect of the present

invention to provide a casing for use in a velocity pump, e.g. a multistage regenerative

puMmp.



Typically the second portion of the at | east one inlet and/or outlet
channel may extend fromthe fluid passage channel in a .plane at |east
parti al | yweandiipedser ably 5 substantially perpendi cul ar PCO/GB20BXI08220f
rotation of the inpeller, in a direction at an angle in the range of 00
(substantially tangential to a continuous fluid fl ow between the second
portion and the fluid passage channel) to 90 (radial). Pref erably,

the first or §ﬁ¢g4A®Ethlmggﬁ%hhe second portion of the at |east one inlet
and/ or outl et comuni cation with one another and/or may
be 10 connected bycwrcgng &t alfiestsdspecteofthe \p&!kepornt/emmn tByreslgcﬁaomé:bvg qjuﬁﬁ t he
flow of a fl Ué&ht% Qnérgﬁveﬂf nLeq t _one inlet ﬂ/ | et channel be
i nproved, e.g on HO LN %‘? RYDP £EMPHFRY G e?ﬂé’”ﬁtp“f@agi't H}?eal?ﬁs t

and/ or out | etonmawnplunmqonhmlsmgnamaseﬁ oy hpusing eomﬁnsmfg a MN®Yhanssli slamse
bet ween the f I iL.on and t ec |on of the at | east
one inl e? ancﬁg‘ég%&@f @ﬁ%@%{allg.as s'?’PFEeé pé?‘f"??ﬂ '8&8?/ hst casing f9LRWMRIBERYE be
enhanced. flwdthrd\@halnnﬁlgdeobmmﬁj ot fhed passaye cesemend, and/or at |east one

cubstanttal |yt abcPareR g S68¥a fefods o oniprees eFaR ohn irgsenae Al esst
Al t er nat i vel yonet tlef chatngl memmrdumaatd)hwltrﬁﬂwemwﬁbhmel SUANE pabhidel HanRéI, t he

o e rul ar B8 hClng AR Biarhlt bRl R M Bl Bk el e Achesomaaisia o
opti mi s&d pr dirstlae.axial portion B éeabt psﬂtlallysaﬁ:i)ﬂ@feraﬂyi/selbstaitlah@BéﬁalI@lﬂ% drusNEer
portion of ”}S}aﬂﬁ &@ggﬁﬁ@agr@niﬁt? d/or outl et channel may have a di aneter

in the range o ily in the range of 5-50 mMm
25Conveni ent | y, t Hé\edamnsn@xmﬁwnﬂﬂarpﬁ&b&téﬂﬁdllwéﬂleﬂi i @bt {oSte Qrﬁde'?"étbbdi’%Fally,

separating a hannel on near the at |east one inlet
chgnnel f?oma g’f“d[f d??ésg%‘bogh?fﬁgrﬁfe ing i9/? deeshon alamangle isthe spgion gf Pet

channel . By 53=tt5(‘iI‘prqafec;al:ﬂys(l)-('at)° andny grefedably 05 €52 reldie BANRIRVIFGE@LISH ofth8 At REst
bet vveenbgF gh ren%éa%e and | ow pressure regions of the at |east one punp
he

uni t i of the barrier or stripper may be in the range of
10- 100, pref er abl )Z'hé(htﬂéhst toyipiiniet btyarmapammhbedtyeé’s%neeimegwé?fner ﬁulaﬁltﬂeve
he

to the inl et n%‘%\ Oitl ons OL g passage channe

at | east one 5 B?ﬁ???%& %P”F or the gasing,Priiowsingy of vanes
ext endi ng out war dMyef atoleast W irwé“teahenaél B0 frRNE 1e38tT BRe \GRAIEE cHEhel Fray
equal |y space 36PCT/ (GB2011/ 000222 8

am each ot 0l1/101
Typi cal |y, thgmg ﬁ%ﬁg(fongri)é’ fq’ﬁféﬁt?@l' gré‘ifn 9 Bassage Ghvkie! Bra planeat last: he
range o20 10- @amamrmioeprawrably SubisitentianeEperidictlar2® an Bk ot Falion R mpeli&t el v
30. The frq.f]re %}d mpri se % hsglg tlgortlon connected to a shaft at or
near a substantial 'y SCENCRAMYLEY O/ Rally ragia) relstyretogam awis &f rafationn® hub
portion may lmeatneatshenémmﬂerof 5-800 nm and typically in the range of

10-400 mm . : .
Alternatively, the second portion may extend from the fluid passage channel in

a direction not passing through an axis of rotation of the at least one impeller.

25 Advantageously, the second portion may extend from the fluid passage channel
in a direction at least partially and typically substantially tangential to a direction of fluid
flow with the fluid passage channel or to a direction of rotation of the at least one
impeller.

The second portion may extend from the fluid passage channel in a direction at

30 least partially and typically substantially tangential to a continuous fluid flow between
the second portion and the fiuid passage channel. By such provision the flow of a fluid
into and/or out of the fluid passage channel may be improved, e.g. reduction in fluid
pressure on entry into / exit from the fluid passage channel may be minimised by
provision of a smooth guidance between the fluid passage channel and the second



The frame may further conprise a flanged portion near a periphery of the
frame. Typically, the vanes may extend outwardly froma periphery
of the huvoporttioesss 10The vanes may extend outwardly frecrsherigieey of
the hub portion beyond the periphery of the flanged portion. Aternatively,
the vanes may extend outwardly froma peri7phery of the hub portion and nmay
be substantially flush with the periphery ‘of the flanged portion.

Al ternatively,. the y. twardly froma periphery of.the hub
15portion i nsﬁocrﬁe&oorf\{ﬁmgg ﬁngat%‘g%@gﬁ%r%%r%%SEdﬁ%elf ﬁé}ﬁ’ée@e Hq”é}‘n .OF Fhe pump
Typi cal | y, t heawbsmeshamegd.ext end substantially radially froma periphery Iof
the hub portion. . Al nat.i v t.he vanes xt e t an angl e
from a periphery opPIcRlY waseﬁéﬁ P %ﬁ%m ? Ef_e e op%mlé}?%p‘foéﬁuﬂg %—a’éﬁgf’?

the radi al pastendofiornrtha fluad passhger chapaear d [Rarat bi teagl/Epar'ﬁbw ‘aagQﬁ_eféBabd ly
conprisega fiJ j . S nd side. . The. fir an r second sides may
bem;ubst%nt i asluﬁ%/taﬁ limil? p%%ﬁ?%%??o n bk ON‘{%%FOHa?fistbgI"S')Pelfeﬁ’e'”v%rqgg‘:t!‘?ﬁya%b@
profiled and amgle iodmprange of 8° (pubstantidiigitangentialtd aeumdfimlrolu@tﬂbfaf flaw Bétiveen the
configuratio > 1] f .substantiall ' tric y opposite vanes may
defi ng an ou%%‘r:o%dzéll%ﬁ?q %’Pddtggﬂﬁ@eora.ssage &’anxﬁlﬂ@%t(r@rd'a\?}ane tip diameter may
be in the range ofPrdferab0hentinst andxialyyirital hiyd the $deend pogien aff tsd abR8stiaRe The

S0 ter nat 1 vals: o R GRRL ond HAY BTGRP TRE T on PR B8 enalie anTBhEa be
| engt h. 10rhe tchndates by efg. tahdeasanes comved riion. t Be suemgeoviziorOthe-RAV B flarkd
%pi cal | Y. in tl’iﬁaﬁgl{ %gq‘?ll%?aﬁst (o)he5 in etnamd/o-%m gtaclhlaXheltnrl]a% t‘;ie:[ inlpergvsetd, g.ng(.a ré)&if&?on”%' '
y conprise onevinpe .
fluid pressure through the at least one inlet and/or outlet channel may be minimised by
provision of a smooth guidance between the first or axial portion and the second
portion of the at least one inlet and/or outlet channel. Thus, the efficiency of the pump

15 may be enhanced.

Advantageously, the first, second, and/or at least one curved portion of the at
least one inlet and/or outlet channel may be substantially tubular and/or substantially
circular in cross-section.

Alternatively, the first, second, and/or at least one curved portion of the at least

20 one inlet and/or outlet channel may be substantially non-circular in cross-section, e.g.
oval, elliptic, or any other suitable optimised profile.

The first, second, and/or at least one curved portion of the at least one inlet
and/or outlet channel may have a diameter in the range of 1-100 mm, and typically in
the range of 5-50 mm.

25 Conveniently, the casing may be provided with a barrier or stripper separating a
fluid passage channel portion near the at least one inlet channel from a fluid passage
channel portion near the at least one outlet channel. By such provision a hydraulic seal
may be provided or created between high pressure and low pressure regions of the at
least one pump unit.

30 The dimension of the barrier or stripper may be in the range of 10-100°,
preferably 20-50°, typically approximately 30° between or relative to the inlet and outlet
portions of the fluid passage channel.

The at least one impeller may comprise a frame, and a plurality of vanes
extending outwardly from a periphery of the frame.

35 The vanes may be equally spaced from each other.



The fluid passage channel may be in the formof a conduit having a depth
and a WD 2011/101636PCT/ GB2011/ 000222 9 The conduit nmay be substantially
ci rcul ar wWo 20rio®s63sect i on. Al ternatively, the consuriGBzay/dve222
substantially non-circular in cross-section, and nay have a depth/hei ght
aspect ratio in the range of 0.4-1.2, and typically in the range of 0.6-1.
5Advant ageously, the punp may conprise a pfurality of punp units. By such

rovi sion the pu ef.i r tist unmp. t_|east one
gnd preferably eacpio% "?’ﬁtggp%tdggﬁqiqt%% '&ng%rn'lﬁ‘gb%%ﬁ‘é’ﬁﬁ%? Rrmbey @é‘fﬂ”&ﬁt'” e h,
e.g. abut, atrangast1b6@ prefeeabirit thEurapgel of 20—5®,tﬂréfgfx&iylappeomdte;y[)3lﬂ erably
each of the pluraly p it.s nma e seal a connect e,
preferably axiall yh]isegg?é{'gl@ oclrérpﬁ E:'?%bﬁ é?l?tpgrt!,&n ¥ ftegnt8 Ad ﬁgeaﬁtorp”;ﬁ% a
unit, e.g. bysubstantiglyicentrafmrtongdtie faemé.hr ead and screws, bolts, clips or

i ' f I h of the
pllural 115 of pump L Samelsy obneTne8hRy BEFAER 0B S5t S rarrdppaly
seal abl y connethednge of #3—~40@ash. one adj acent punp unit, be. g. by cgsfti ng or

| di ng. 15Typic e plyrality of. pu units nma e arranged |
gglrji e!s.ng yIIglr eiﬂ%ﬁ@? nég)éﬁurgqt?rrrp%ﬂ"rﬂ”f naa"@a %P?@%Xdﬁér i P& Waﬁﬂé’?e and
one outl et cHeamesl . The plurality of punp units may conprise a first
d feed pu ' nd end or di arge pu unj t. .
20Convent ent |yt FOPIAB S HERR TP D TGS S RSl Ol 5 AP oRmy be
connect @@ to a fl uihé wmeplnyay extend oclﬂmrdlmrbetacpbam?y o}?ihet hﬂ)d_bd)rltish bepshdor
feed pu uni ed tqg.the inlet channel of an adjacent punp
punp tﬁe %Ypﬁgoﬁaggﬁ%ﬁeﬂﬁoﬂt

unit. e outlet channel of the second end or
di scharge punp uniAltersjivélbtheceameechayl extend ddtwadiydfremhar@eipaarst fnthe hub

T e e SRR P SRR bGP0 R T o, conneet e
Alternatively, the vanes may extend outwardly from a periphery of the hub
15 portion inside or within the periphery of the flanged portion.
Typically, the vanes may extend substantially radially from a periphery of the
hub portion.
Alternatively, the vanes may extend at an angle from a periphery of the hub
portion, e.g. at an inclination of 0°-60° from the radial position in a forward or rearward
20 attitude.
The vanes may comprise a first side and a second side.
The first and/or second sides may be substantially flat or planar.
Alternatively, the vanes may be profiled and may comprise, e.g. aerofoil, twist
and/or other profile configurations.
25 The tip of substantially diametrically opposite vanes may define an outer vane
tip diameter.
The outer vane tip diameter may be in the range of 10-1000 mm, and typically
in the range of 50~500 mm.
The vanes may have a substantially uniform thickness across their length.
30 Alternatively, the vanes may have a variable thickness across their length.
The thickness of the vanes may be in the range of 0.2-20 mm, and typically in
the range of 0.5-5 mm.
Typically, the at least one pump unit may comprise one impeller.
The fluid passage channel may be in the form of a conduit having a depth and a
35 height.



The plurality of punp units may further conprise one or nore internediate
punp units. 30Typically, the inlet channel of each internediate punp unit
may be comoeotie@id3e t he outl et channel of the first endprom/deed/qoazp unit
or to the outlet channel of an adjacent internediate punp unit.

Typically al so, the outlet channel of eacg intermedi ate punp unit may be
connected to the inlet channel of the secdond end or discharge punp unit or

to the inlet 35ch | of dj 4 nt. i it. WO
b011/ 101636rCy sl svnsbt sty Gt ARt KR AEH Ao I L TS of the
first end or feedApermativen, the totdhit infey Herdubbtaotialiymeh-citadlat inereast sastions iadnel
of each internmedi ate pu uni.t d at. least t i nl st af
second end o™i Xﬂﬁ'rd%@[@ﬂﬁ@“ﬁpga rﬁ@@'néﬁﬁgﬁqgsg?g"‘f{"?’S?r&g@afa&gﬂllya'ﬁ t%%tbﬁggn

substantial | yfpgrall el to an axis of rotation of the at |east one inpeller.
ni't mey® conpr 1 seAdvTagelgy: % Bifpdal BngRs<t BYEAE e! Plfe Tt e SR
gxi ﬁ OL rot i’:lto'rdwtsri]dmfthé Fbematénéyﬁt%defm:ed aisraﬁadjltiazlage pump. I n one embodi ment,
oth the inlet chanpel, and the putle ne :

conprise a first Eﬁ??ﬂe %’grqr?%ﬁébévu%%cﬁaoﬁﬁéam\‘r%"%%?é%gﬂﬂﬁ%m%ktbg_ﬂ}? gorg?Ct
crbodi ment, The Sutl et Shannor ol g he secand Bnd o dscoarac

ni £ mmy hot | confk|<Bat §7% prcprefanif e piReFRARY oEA TS bufp HETBEdEaRHT
may onl y0 conebhsetables astefathbpo bxialyn seatatsy domectabien to het 1€dshi mhepadjacene pomannel

in a plane at |east partially and preferably substanti I jcular to
an ax}os of ré‘f‘%&tq'%rpyp"fﬁn%é'of‘ﬁ%eqnﬁﬁgm ay {hr%a_%a_ndsﬁ%es sa%k) ‘I@alc %/30}%';5'83@ By such
pr gvi Si on, I It he p_tmper_nellti@ly, tah@asagw mrbaemfm?mg afthe fleratityradipgegd Ungs Mye a
substanti a axi inlet at a first e 0 ed en ,

subst anti al | epséﬁ%bﬁoq%ﬂ?‘a?é't%e{ﬁﬁbi&?’g&gfsela@tbﬁ/t ?°6‘H3%Fd‘ta‘ﬁ’gat?ér}‘ﬁgfdf‘é%?’aé‘?’8.
radi al 0Ut|etpun@tunabé.gﬁlﬁyﬁgbseﬁ@oomodlhmgharge end. This may ad?/an':]ageousl y

al l ow such pu t e Uus r jnserted in an existing, . avin
sinilar %jff eeg gﬁd c}’lﬁ’cﬂfﬁs@Waﬁ?‘ﬂé"tXSEPV'BBPH'ﬁ BRY g%.a{f{?nqeg’ 'Sggﬁ%%eyt he pu?rp uni t

of a centrifugal [PusferabBseabh pump beitimayecpmprisegonee plletodvamne! a@rfd bhe oclisti ng
or shell, while inproving performnce of the punp by using a punp accordi ng
to the prese anflent i on. Alternatively, or additionally, the inlet
channel of, e.g. trhe diirafty ofpUmPruriite ewaypeoipriseid firstrayd nofeedopgnp seit and jar st
or axial portion or a curved porti on, i.e. may only 25conprise a second
portion extef8FHY ‘?"}dd%dfsﬁéarfg?tﬁuﬂmp‘ﬁgsage channel in a plane at |east
partial py and prefophadiisgntyuliss anét ehdrneper rendist eindr ort fzed nplamp Lndf mapthet i on
of the inpeller. Ln an arrangenent conprising one punp unit, e.g. a
singl e stage PO RA §Yi9 84PPY axi al portions of the at |east one inlet

channel and at | eghk 6t @snhelt ofaharnelenday fdee minpoetmay bdecasnegiad to tiel y
and substanti al | arallel to the axis of rotation of the inpellers

30and/ or shar"ze‘a‘é‘@BWﬁa%i‘i”@“%"ﬂl?é‘mrﬂ’\'tal ly parallel to the axis of rotation
of the inpellers. Convenientlyntharoualet evanaeli of ¢heesdrodd erator disclaarge pging. it Ty

punp, the at |east one in]et channel conprise a first or axial portion
at | east? par tqeaﬂ°f‘9€°g?f§t°ﬁ®‘épﬁﬁrl‘%f9§a¥)€? ntially parallel to an axis of

rotation of the atTheemet cHangeli dTRId b&donda@nd or kiischarge @astp unit may be connected
to the outlet channel of an adjacent pump unit.
The plurality of pump units may further comprise one or more intermediate
pump units.

30 Typically, the inlet channel of each intermediate pump unit may be connected to
the outlet channel of the first end or feed pump unit or to the outlet channel of an
adjacent intermediate pump unit.

Typically also, the outlet channel of each intermediate pump unit may be
connected to the inlet channel of the second end or discharge pump unit or to the inlet

35 channel of an adjacent intermediate pump unit.



350ne outlet channel may not conprise a first or axial portion or a curved
portion, i.e. may WD 2011/101636PCT/ GB2011/000222 11 only conprise a
second powOi2oni/@xdé3endi ng fromthe fluid passage channel pcm/GB2piiane22at | east
partially and. preferably substantially per pendi cuI ar to an axis of rotation
of the inpeller. By such provision, the p;j t he regenerative punp,
may be arranged to have a substantially a |aI |nI et at a first end of feed
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ea
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of a punp unit an tlet ch acent punp unit may

provi ded t hrough ﬂﬂaﬁ 'feé%%%!&t?’l} °‘f’P?’§tt th%&f# 2nngl oho?-i Higssecond end-mre
first or axi adlsqherQEI pwmsp ofit, atayl mﬂ&brntph@e auirdtedr axRApevabn Qf atdiReliigoptionend or

feed punp uni ast. the inl et chann he second end or discharge
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of rotation oégerfeeatwmehipemy be arrangeér Whéw é yubs&é}ﬁ.aﬁiy &84 96t 2 Mkt SR & ONS
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under st ood h&rgi RUTR LS HIHG" NFedediin AR x5 tasé?m%lhd\aé'“ﬁrﬁ'm% feggdiand of
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Advant ageous [ ur aI ity

rotation of east

of punp uni té”mﬁg@ '88“'88%(?‘8%%&?“?8 VRSN 8RRl wate F’EFP’PW@Q P@rfgr m%v@hoft hat

bon1! TS%%EL"&"T?%“B’“““?{?*'”@ ok &E“ﬂ‘"@m;*i". e By such pr ovi si on,

the plurality of éﬁ E‘fﬁ‘f or ﬁ’égz/t"ﬂ@mﬁ? it iceantel ob 5ig- Hi'es@’sel?ﬂé’ ¢IaehBYmES S

of the purm unit, may st \cantprige el sitsy ortélﬁallrm?@éﬂ ®F 2 BlirvédPoRidAl ki hayobnipunp
nected t dri v shaf. t venl ent | gha the drive shaft and

? Elet |Srrp | er sgfﬁﬁﬂﬁeh%s%qonﬁgpppg e¥ nﬂlﬂﬁﬁr%ﬁlesf uid passage channel in a plane at least

partially and preferably substantially perpendicular to an axis of rotation of the impeller.

In an arrangement comprising one pump unit, e.g. a single stage pump, the first
or axial portions of the at least one inlet channel and at least one outlet channel may be
aligned at least partially and substantially parallel to the axis of rotation of the impellers

30 and/or share a common axis substantially parallel to the axis of rotation of the
impellers.

In an alternative embodiment of a single stage pump, the at least one inlet
channel may comprise a first or axial portion at least partially and preferably
substantially parallel to an axis of rotation of the at least one impeller, and the at least

35 one outlet channel may not comprise a first or axial portion or a curved portion, i.e. may



may share a comon axis of rotation. The di aneter of the shaft may
be in the range of 10-90% of the hub portion dianmeter. It is to be

under st oostot2nat10idse di aneter of the hub relative to theprdiraBsarooef22t he 10
hub portion may vary depending on the application envisaged for the punp.
In applications requiring a nultistage pu ) conprising a | ow nunber of punp
units, such as oil punps for, e.g. gas turbine engines or turbine

gear boxes, th i - f the shaft relative.to the dianmeter of the hub
portion may bgmgé:?@ﬁ'gée )(%e%on LRSS %fgquH’ngér?{PrW%g“'{’]ﬁéswg PP“% FRENGRL t he
punp. | n cont teast partiallyaqpd ?mﬁrhmﬂsubﬁqnﬁmly mgrﬁenﬂﬁzlulaﬁw TahSalix@dJSfbﬂJ‘tJéﬂénb?f the
conprising a pi Q u units, su as electrical subnersible
punps for, e. gﬁ&@??@rﬁk&&? H%%%%@ng,ﬁeg.ékP%W@FE?raﬁYe PYH{BP. SRR be arzangedie t o
the di anet er bévet asubstbntizty taxiah intetyat efitse bad io¥ édad didyanaanmsutled shstsmaap! e
of w t hstzandi | chani cal, constraints .g. torsion strength,
irrparted%?o tﬁ%pg'lr‘fg I%%haé"sa‘?fir%a %{‘8&’8 "Hpﬂﬁr’rﬁlﬂt?e?ad OHftAt Agacend end
Ehgr efore, ther wsmrg: emd. ofhig fay sheérttag':%usliyallmisuieh pemp f&bé‘hé@ﬁﬁﬂ iﬁébrféE i he
ub portion 2, t to suit. particular. .a i cations, w thout the
need to al temﬁg'g‘éf‘?gr@%fﬁ’g’w ﬁ?v"?%@"ﬁ'ﬁbgeﬁén%ici!@‘g\pafqe goNdipHigtion,re g.He renlara |
dihrrensi on of mlaeplpmmnittdﬁms_cém}iflugélfmmd agsdnitsly MBthbat regLisiRg acglga@a‘,ﬁérﬁi@nﬁy of
t he punp. , ically, the pu conprise at least two, e.g
t\lfto to three %aﬁh“&%&“i%aﬁﬁgémwﬁﬁl‘gPea?f"??&cngPW AUER Y YRiNG 3 AEPR ASERIINA &

t he nuntiér of thepmesentinventi®al ected in a nultistage regenerative punp nay
depend on the type of application envisgged for the punp. The casing ma
conpri se one or qua%agﬁqﬂﬁt'vﬁn?qud‘?’ﬁ?@f%raaﬁ'lr‘?',e tiage EQ@PnB‘en%Fy‘eE%rﬁﬂei %'eg
plurality o; _dhemhelg may:c bsr_npﬁéEaclﬁrsgfort ]I?Qiagbéftaﬂni ]'gav hﬁést Coatiag Hgdl t&refé?ébl;a
conprise a fiy . ac toward a, fee nd of the punp, and a secon
side or axi al ?U}E@P%ﬁtﬁa&ﬂkg%c%?ﬂa of totation "cfgk‘ﬁ‘a?tdeéﬂcﬂ”§d'ﬁ‘8?|&év i thgrat {gast
punp. _ diteciniet diiaainiet yaphotcasmngre WiirbiSoraXial HOABA 0P 8 canfeldpditidANfe Ghay eed
casi ng qglt anq a secaond enddor di scharge casing unit. WD _

2011/ 101836 PCYICEIBATFGHBF2Sd partion extendipgdron; the;fiud prssage channel i plangiabr
feed casing usast passalipeansudretesanly slibstarsially Ferp@ﬁ@icmﬂ&b’tocm&isscﬁ rotation Of kny €
connected to iﬁ]%g at | east one inlet channel of the first end or feed punp

unit. lﬁﬁ'e second side of the first end or feed casing unit nmay be

connected, e.g. SY&avahieyty teeairedtiort BetdBeh QR iABY chAnkNofod BLMEB Unitdnkard he
first side of i econd side of the first

n, adjacent casing, unit. . The s ; e f
end or feed c°é’z'|e%‘3‘a’ﬂﬂ?'t°r}r?£ya°§?fﬁﬁ? PWYBP yait fayrbe pravided tops gl deshestiveeirsor a
first edd or dreeidl partignsunit .

The first or axial portions of at least the outlet channel of the first end or feed
pump unit, at least the inlet channel of the second end or discharge pump unit, and
optionally both the inlet channel and the outlet channel of each of one or more
intermediate pump units, may be at least partially aligned and may be substantially

25 parallel to the axis of rotation of the impellers and/or may share a common axis
substantially parallel to the axis of rotation of the impellers.

Typically, the first or axial portions of the inlet and outlet channels of each of the
plurality of pump units may be aligned substantially parallel to the axis of rotation of the
impellers and/or share a common axis substantially parallel to the axis of rotation of the

30 impellers. The phrase “substantially parallel” will be understood herein as extending in
a direction at an angle in the region of 0-45°, preferably 0-30°, more preferably 0-15°
relative to an axis of rotation of the at least one impeller.

Advantageously, the plurality of pump units may be configured to have a
common centreline, e.g. such that the impellers of the plurality of pump units share a



The first side of the second end or discharge casing unit may be connected,
10e. g. seal ably connected, to and/or may be in abutnent with the second

si de an aspaocantiEasi ng unit. The first side of trhe/Geoormdorad or
di scharge casing unit may conprise part of the fluid passage channel of a
second end or discharge punp unit. The second side of the second

end or discharge casing unit may be 155ub£% antially solid, and may conpri se

an aperture connected to the at lLeast one.outl e : end
or di schar ge “BURS uAFE .°? rotation SBFthrpéﬁ'ﬁqé/h'otﬁ gc”i@?% (%anﬁ"s]ﬁ @gé]ﬁﬁﬂ"%&
conprise at lcoafrjurétnte dptifniseriesl tarhpaat@esisiog thenpump. Typi cal |y,

the first side of the at |east ane jnte [, at.e Casj gl t
20connected, e.g. Aé’é%ﬂté%?wséohﬁé@toglﬁfrsPg{%%yrgﬁlyr?géh@g #ﬁgtgf)ﬁt nee{r:l)(?m\?\ncteﬁ t he
second si de &f alghee §nafist end or feed casing unit or to the second side of
an adjacent internediate casing.unit. . Typi.cgl , egfad
side of the at le V?fﬁ%n"iynﬁl?r%évcfi ?ﬁaét %%dsfr}?g'm@r#%snog)}h%gﬂ]cr%ﬁ g?:[bgr&@ e.g.
seal abl y connestgdre 4 ormdh akisrofiyotatoni n abut ment with the first side 250f

t he second end or _di scharge Si uni.t ,or. to the fi.r ' j.acent
i nter medi ate casi n§e ?'P?tgr of the' ¢ AL RFI1) the FDGE; ?fs@t'%?égo?éﬁé ga:b;' ?ﬁ‘r‘l’g
unit may be gmeaet ed, e.g. seal ably connected, to and/or may be in

abutrment with the second side of an adj.acent Si | C i I
fixing means, e.gh '?FRB%H”‘%eﬁaog%fme PpE" Bﬁ%? It?gglr#%'e\}.e tgérbe c?.u%?é@ﬁrro g{%%si de
01;] an : m@fer n&@bap@ﬁ&g%awv%midrllemsaingoaémnh%@pplla;natiorp;enpilaagéd fordthpaswerye In
channel of a pupp.unit, and the_.second side of said int e . 6AsS

unit may comAPPiAtiRRY feayying ﬁém?'}'?}?%le BALR £GXPEHAR AW 85"m§%ﬁ§$u§@e¥1’ﬁépﬁdﬁ%
unit. . ab@omwﬁmhﬁgtuhdry?.gagfwfmziueie;ngmy obeurboengedrtipxepr thei diameteaof @feastf
one inpeller between the firs i de casing unit _and.: ide o
an adjrrgcent St fglatiyf to the\/@ag@iqr/ ‘%%3@%\9?@@%@?7 f?&o'f%ﬁ'g‘%i SHAPRS o'
Agvant a?eouswinin&@ ttrié IbSéransiv@?gmf of?treaﬁdamg tjlﬂi toranast, tmteap@?msnd? geaering aan
adj acent _casing . unit nmay conpl.ement ane anot her. so _as r e ;
pajssage1§hanr@‘i%t'%?gecrpé‘ Fpgng’ﬂﬁﬂﬁiﬂgh'ﬂﬁn%“'ﬂ%rt of “pump” unts, SIdR 'd8° eleettict

submersible pumps for, e.g. oil and gas recovery, the diameter of the shaft relative to
the diameter of the hub portion may be relatively high so as to be capable of
withstanding high mechanical constraints, e.g. torsion strength, imparted to the shaft by
the driving of a high number of pump units. Therefore, the dimension of the shaft

20 relative to the dimension of the hub portion may be adapted to suit particular
applications, without the need to alter the dimension of the impeller itself, casing, or the
overall dimension of the pump, thus not affecting the performance and efficiency of the
pump.

Typically, the pump may comprise at least two, e.g. two to three hundred

25 pumps units, or more. It is to be understood that the number of pump units selected in
a multistage regenerative pump may depend on the type of application envisaged for
the pump.

The casing may comprise one or more casing units.
Preferably, the casing may comprise a plurality of casing units.

30 Each of the plurality of casing units may comprise a first side facing toward a
feed end of the pump, and a second side or axially partitioned casing facing toward a
discharge end of the pump.

The plurality of casing units may comprise a first end or feed casing unit and a

second end or discharge casing unit.



Advant ageously al so, the first side of a casing unit and the second side of
an 5adj acent casing unit nmay conpl enent one another so as to formthe
second powOi2on/wi63she at | east one inlet and/or outlet ebamBbiiaborzbe
correspondi ng punp unit. The first side of a casing unit and the
second side of an adjacent casing unit may conpl ement one another so as to
further formthe curved portion of the at 1Beast one inlet and/or outl et

channel of the correspondin unit. 10Alternatively, the curv rtion
e | et o RN A aRE TR % ot (SN AaED Y Wb SHESEE MGG S

unit may be phaytsingtiseldriperiate dovnstted fethelatidiet ol RREBharm@PbMBe Bt BAd or
Preferably, the first or axial portion of the at |east one inlet and/or
outl et channdPePUPRYM o r espondi ng punp unit nay be provided within at

| east one of the arfjeassdhd Erfeash theg st drid or feed cabigi Gl My bb%nfwbété& 5.
axi al portion o he at | east c{ge i nl t and/ or outl et channel

cor r espondi ng°S eARNECtady RN TRY y'”a?r'i’d'tfb?@f"é'p‘aﬁ‘ﬁyf'@hﬁg? é?ﬁtaf‘aﬁqJ%Pe”t
paral l el to ajasmgiupitof rotation of the at |east one inpeller and/or share a
comon axi s substa‘Ftl all%(q/paral lel to the axis of rotation of the at | east

one inpeller. 20A ther$gend &idg ofihe first BBY & feechcasing wniy MK CORRHPS PaR @f the

channel do n(fftuudiﬁémégégwaiméﬁ&%rfﬁst@hatdr@ééo%un'?p gvt ved portion, e.g. only
conprise a first tion, the first or axial portion of the at

| east one inl et aQ'[ ?(rsbﬂgg Of thenssroar andyorhischaeds Eﬁeﬁﬂ’gat’”'hﬁ'aéir@ eonnertsd ve

to the axis ofgredadbiPtoRhedtdts Bt ahd?&Smagnse iimRBUtntnt twitrA ke beddd side an
connection of the first or axial portion of the at |east one inlet channel
of a punp unidRFEPYCASKE YWtr st 25 or axial portion of the at |east one

outlet channel of TR st skdeot thp WBBord e oerYerﬁ?éé yas.ﬁ&@wnfma%ombr@pﬁ of
portion of the | east one inlet and/or out|et channel may extend in a

direction at Bﬁ?ﬁﬂﬁﬁﬁsqgﬁ charnel ghyp spcanf epdAs disgharge PAMPWNG- 30, nore

preferably 0-15 rethat s¥6rdOs@e 8Kitse Oechbfd aédoorbroa.séﬁwg@tcabmg%mpnﬁay be
inpeller, In an alternative enbodi ment, when the at | east one inlet and/or

outl et channdubsteptialy Salid. 208 RRY SUMRIiseALFRENYET EOTAIECSH 1A tha pt/leastpretqudat

e.g. only cora%h,sé;oath’@lségénd)énoe@ﬂ(ﬁgchg@@tdug{b udithe connecti on between the at
| east one inlet c%nnel of a punp unit and the at |east one out]et channel

of an adjacent punpeubli@ivrest ‘E?é"}gr'fb’\‘)'isd’é‘aytfH'F“@ﬁig‘FP"H%”S?eaéé?asér%‘ec'mﬁﬁ@éﬁ'?@n
portion conn%g.hggnﬁhe fi rst or aX| al portion of the at |east one inlet
channel of a punp_unjt wt irst or axial portion of the at |east one

outl et channel of Té{H'Cé'b’adT%lé'é?ﬁts'%ﬁb”l?nP‘t 'eas\/@‘?M?LWHS%G’PET’FQ asoTey R§0222

15 20 Theoatedt&Rsly. @QQaﬁ?@Bﬁ@cté&gtm&éﬂﬁaW inBuEHEM Ath tRE second side
alternatively rrrgey extend at an angle relative to the axis of rotation of

the inpel | er &f the fyrst god gp feedgasingrunitor todfe SReytd 8de ol ap adiaspatyiniprmedigte
nore preferakbyin@ud® relative to an axis of rotation of the at |east one
i npel I er. 5Typi call [

gl aIeach punge ni.t may coggrl se one inlet channel and one

outlet channel. TyPicalinalso dne yecond sides{dng Ablepsicanertalprmrdize sosia8 i &1 dkeen

the first side Rhnéctéd e dGebiBbly cBRtbAAE t&8RABEMAY B8 iPibtneadlidt BB firgt akdend

uni t. 25 of the second end or discharge casing unit or to the first side of an adjacent
intermediate casing unit.

Typically, the first side of a casing unit may be connected, e.g. sealably
connected, to and/or may be in abutment with the second side of an adjacent casing
unit by conventional fixing means, e.g. thread and screws, clips or the like.

30 The first side of an intermediate casing unit may comprise part of the fluid
passage channel of a pump unit, and the second side of said intermediate casing unit
may comprise part of the fluid passage channel of an adjacent pump unit.

Conveniently, a pump unit may be formed by providing at least one impeller

between the first side of a casing unit and the second side of an adjacent casing unit.



Typically, for a punp conprising N punp units, the correspondi ng nunber of

10casing units nmay equal N+1. The at | east one casing unit nmay have a
di anet er wo 2heion@age of 20-1,500 nm and typically in trhe/geig®0ef2250- 500
nm The at | east one casing unit may have a thickness or height in

the range of 10- 1100 mm and typically i{1 t he range of 50-550 mm 15The
i npeller may rotate cl ockwi se and/ or coun %r-cl ockwi se. Pref erably,

the inpeller may be capabl e of being.rotated clockw s nd ,

count renr)cl ockwi sg. Aﬂ%@%@?”ﬁ%%‘%%@ﬁ%% °ﬁ&nﬁa%%/ uB@”a@e@ei $Pegnd 9% ohan
nornal flui d gdjdcemt d@mgalit may aoffpiamisht Wner anottied esof sl tal fatir thet fluih paddags

allows a user to reverse the gjrection.in which a fluid is being punped as
requi red. 20TFPpMehpithe cormesnordg PHEPYe atio between an outlet and an

i nljet of eﬁ:h of %Eearﬂbgécﬁ@@;alsmﬂh@ﬂfﬁp sigei df mirfgmdimnmmermgm eifdebf]aﬁo,f

and typica in the range of 1-10. Accordin 0 second aspect, o

t he p%lgs%nt iyaﬁi?éﬂ‘i‘ticéﬁ'”g Wg‘fté"qyscc’ﬁ?@?fpﬁrgc?nﬁ %'Bﬁﬂ?r 5 aéﬂ° (E%mgh? 88%%g’rpa°[rﬁ?®eéf
pup, tgle PUTR. SQER Eﬁé ﬁillbt%nlalorlbatlé;cttﬁamfel plLRP comméspendiay plepsmit. 25 one and
refera each o e plurali of pu its c rising_a._casing. .

(F:)orrpri si n)g; a fluidhe Hﬁﬂprfécre Bfrafcgﬂp% Ugﬁgﬁgge éﬁ%"ﬁﬁ«reg')?e ﬁafgéalaf;%’is‘iag%‘ﬁe“”“

i npel | er provihgleshmhplshea driseanttisdrid 40fo fakhgy fogn tieclinved gdottion afighe shieast! ui d

channel or flui'd passage channel, wherei n the casing conprises at

| east one i nlo8 IRIGLARGET oytiet chpnnel okthe GRECERANALS PURRHY i n communi cati on

with theyfluid chapneglati®dly, ftheltehve@pemige of therd &last driecinkt ahd/asbutieBbharmel ofnl et

channel and/or the at | east one_ outl et channpel .each comprising.a first or
axial porti oﬁh%lﬁorfeéﬁg‘ﬁd'%wm&l“r‘@/“?M(?erﬂ'%‘f@?‘g‘ﬁ'h'/“ gﬁﬁ%‘? a?ﬁgiogﬁ]e a1 1331"9; o

an axis of rqjsagion of the at |east one inpeller. The terns
"axial" and/or "substantially parallel” w be understopd as extending in
a direction at an PApf§rably, Hne[f%/{g ¥ &ylebRorgen S{t g at BP%%‘HP&[BIF& -?(f“¥lﬁ€$@nn

preferably O-5k%he386mdspbhdifg pRmdumixingy M protiaéd aithiaf attibsst ainel efabé adjaeent
i mpeller. WD 2011/101636PCT/ GB2011/ 000222 16 By such provision, the

at | easf®one BAA9YPEY erabl y each of the plurality of pump units may be
seal abl y connect alflygicalf) &feefirgbbryaxialipattion of & atibyst opBNeet @id/ar, outlet ettanhelast

one adj acent punp unit, e.g. by connection neans suych,as thre and rews,
bolts, clips $thea mreﬁpw@mmem%/eawadﬁ@ RaReR 'kﬂﬁ@éQféﬁﬁas?ﬂ’e%‘i’ﬁtaaﬁg'ty@'a"%Fm
plurality of R diMéthBorTBMthEat leBstePBlimpéllenahdior hale aabhimoredxid astantalty

adj acent punp uni ivelé%g?t Leas@ﬂone and preferably each

It. . Alterna
of the pl uralfafdflede thg,ays Gﬁriofaé“)ﬁﬁi/thﬁ@t A PPESHnect ed, preferably

axi al | yogeal abl y ooeReGiag wieh Bk gt Rast ofninlcdhaoe ditierehpnienidd noecgmprise
casting or noul ding. 10The at | east one inlet channel. ?nd/or t he a1i IFatst
one outl et cH&a$asEN Hag,loB@r a curved portion, e.g. only comprise a first or axial portion, the fits

or axial portion of the at least one inlet and/or outlet channel may be provided at an

angle relative to the axis of rotation of the at least one impeller to allow for connection

of the first or axial portion of the at least one inlet channel of a pump unit with the first

25 or axial portion of the at least one outlet channef of an adjacent pump unit. Typically,

the first or axial portion of the at least one inlet and/or outlet channel may extend in a

direction at an angle in the region of 0-45°, preferably 0-30°, more preferably 0-15°
relative to an axis of rotation of the at least one impeller.

In an alternative embodiment, when the at least one inilet and/or outlet channel

30 do not comprise a second portion or a curved portion, e.g. only comprise a first or axial

portion, the connection between the at least one inlet channel of a pump unit and the at

least one outlet channel of an adjacent pump unit may be provided through at least one

connection portion connecting the first or axial portion of the at least one inlet channel

of a pump unit with the first or axial portion of the at least one outlet channel of an

35 adjacent pump unit.



peripheral to the fluid passage channel and/or the casing or housing.
The second portion may be substantially radial relative to an axis of
rot ati on wob 20hetoad3cl east one inpeller. Alternatively, tireTsEoNdopRt i ON
may extend fromthe fluid passage channel in 15a direction not passing

t hrough an axis of rotation of the at |east one inpeller.

Advant ageousl y, the second portion nay exteend fromthe fluid passage

channel inadirection at | east rtlall and typical |

tangential to a diPedteaH BF CPPU\E '"QIP(S’V\/%TW tg(;%ury?cﬁioagg%ggg\éeyftnhg%%%
to a directi aﬂaﬁéraglé)tre?éti\@mo fHe dlicofabtdtieast themapeliepslelgeat aRafigle nrs&heaa@ion
portion may extend fromthe nne

a dir
partially andf gl (Paq’fFS?bpro& amqr%BTeyertagMéje{E 'Fl'\fe oANA% ?flrht)aﬁs ? f thle?f | ow
between the @06kt iRpelidron and the fluid passage channel . By such provi sion
the flow of a fluid into and/or out. of the ass
i nproved e.g. redyeisalyn epph fﬂumpd”B'f é'giyufgmBrﬁs Hf‘$ '?ﬁ?%a’}“egfﬂﬁ ?'{r’égéuﬁe
fl uidd pas;a?@hmt Eelflmaydbe m nim Sﬁd by 25 provision of a snoot hf t
gui dance between the fl ui assage chan sec e a
| east one inlet ad¥PieslyRRS é‘f‘ed'ﬁg lgEmay %ﬁ:%“’wgﬁfigswee %%E’%PS'F‘L"t%e °68‘§‘
bed;anhanc;afj tun,tﬁndthergé@bm,a?'oiﬂe?qgw?ﬁa@]gﬁmgn of the a';] | east one inl et
and/ or outlet channe exten rom ui e _chann plsane
at |east partiall Jya'ﬁéi‘yp%/‘éfaeP‘a'HPfo"B"@s@gﬁ‘éPé{'ﬁ’f)l‘ﬁ'ﬁ gﬁpbrgﬁ%qnge riga %%eraér{
a?lg ?fﬂ{)ot atctbé’iﬁ Pf,,tst,hgy bd’({}#N:-;-Q: in a ?I rection at da;\l anglbetl n the range
o substanti a angential to a con uou ow betwee
second portion an(ﬁ'?ﬁé leABt ANe GRSUGHIM #’ﬁ‘}’éla)g'?’é‘e%@ hedands 3f% f568'fm,
The punp nay alaetﬁﬁifainmﬂh@fﬁar@@ &@Upsoosmnﬁ mul ti stage punp. By such provision
the overall performance of the

35conpact ness of tTHe 3H{sdpt OQ? @S'ﬂselgbﬁ ’Héy P‘?‘ée % \r/'?gs % Sﬁl‘ﬁﬁﬂe 'aaﬂfpgf gt

2011/ 101636PGTOGRA LA nihe range of STypsEAI.y, the pressure rise ratio
between an outlet of and an inlet of aleach of t S/BPﬁ‘ ality of punp

uni t (s) 1%y be i n Thedmpelleg@ayrotatelockwiseANKASicoURte W¥fe range of 1-10.
The correspondi ng ﬁr@@FéHﬁﬂwed%@ﬂérbﬁ@ beﬂcéiﬁbté&ﬁbbmg rgdatdd didubwisersstd casptect of
t he 5invention may al so a to the rrg éc ordin ho t he se?ﬁwg d%a%%t of
the inventi or?|°°!§Wt§earBe¥ St“ﬁ PE?V&‘@ Wﬁtp”%épp ay bg usge "b% B Qe

According to a?ﬁdtlrhbrsgc&ﬁpcﬁ%vé?ée filne dre&RANTThisTaNEWs et foaeverss thar directi@dinan

inpeller for use in a np such as a 8 nap according to the first or second
aspect of thevhig %U‘éﬁﬁ?ﬁ‘f‘g pumped astigQUIRd.| east one i npel | er may conprise a

frame, agpd a plur a*ybfcynwiheV@@@@r@Nwmﬁbrb@twwnvmzraluyt dricoan ialepef ealﬂneafyha)ét t he
frame. The vanes may be equal aced g{n&g therI %gl cal |3/f1 ,}dﬂe at
| east one i npeastepe ﬁﬁfppé'ﬂ‘r‘rﬁ}aiysb@ "a r}ﬂfﬁﬁ%‘? ofy}-1 r?@g yRicaly, ip the range

According to a second aspect of the present invention there is provided a pump,
such as a regenerative pump, the pump comprising a plurality of pump units, at least
25 one and preferably each of the plurality of pump units comprising a casing comprising a
fluid channel or fluid passage channel, and at least one impeller provided inside the
casing for pumping the fluid through the fluid channel or fluid passage channel,
wherein the casing comprises at least one inlet channel and at least one outlet
channel in communication with the fluid channel or fluid passage channel, the at least
30 one inlet channel and/or the at least one outlet channel each comprising a first or axial
portion at ieast partially and preferably substantially parallel to an axis of rotation of the
at least one impeller.
The terms “axial” and/or “substantially parallel” will be understood as extending
in a direction at an angle in the region of 0-45°, preferably 0-30°, more preferably 0-15°

35 relative to an axis of rotation of the at least one impeller.



15range of 10-60, preferably in the range of 20-50, preferably

approxi mately 30. The franme nay conprise a hub portion connected to the
shaft at wo2nHami@csubstantially central portion of theprCTaB2011/000222 The
di ameter of the hub portion may be in the range of 5-800 nm and typically
in the range of 10-400 mm 20The frane ma¥ further conprise a flanged
portion near a periphery of the frane. 6I'ypi cally, the vanes may extend
outwardly froma peri pher%)/’ of the hub por

_ tign. Th vanﬁsf Iexhen(;l
outwardly from a [RrSYSREF AN thicatdedst Q8F &N MIS&?@H&%C & g%é/‘? WAV \PT BF™MPhe
fl anged portiygis mdpAe Sadly odtinkctable Cprefinalsly ARy sdtaslly oorinsatatley td aioleast
peri phery of the hub portion and may be substanti al Lg/svél ush with thf-fP It
peri phery of OPﬁé‘d'qcéﬂg%‘d“%HP'f'i%.bYA‘FQWé’PFfﬁ’l"i Ve SYR Y q{ﬁ,sc&qse §s:
outwardly frempsofpelighiery of the hub portion inside or within the
peri phery of the fl|anged portion the vanes %

. ypical |
ext end sbstanti aIA}tﬁﬂafséﬁ’i‘%?’M/prﬁfetﬁ?ﬁ'heifé‘r‘?fﬁ'P‘FeP'yra-dW\Péfcﬁg”@y s Mayhs 1 gonta

Al ternativel yyitnt Bg. %tﬁ,dﬁﬂeé‘&%n@é&jgféh?hmﬁﬁhn&.ﬂm e froma periphery of the
hub portion, e.g. at an inclination of O '

] -60 fromthe radi,fl fp03|tion in a
forward or rear\/\/arpdteé&att'b’?'bdﬁ!ea?h@%ﬂ?%%’ef?é@'%ﬁﬂ%{‘?f%e BlUFRIIBYS]T PUMPHNIER '3y
second si de. p5ambly Ecrinedted! Srefer@fipBdafi skfabipyorbRcubit ntaslony abijagkntor
pl anar. WD 2011/ 101636PCT/ GB2011/ 000222 18 Al ternatively, the vanes

may be profi [RNRIHEE. B@y L eARYPY SEMOEIOY. aerof 0i |, twist and/or other profile

configuf@tions.  The atlib&stidnB iRkt ShdtmeRBhd/ad the 4tileagtoneCaltiby clghpesimag beanes
may define an outer vane tip dianmeter. 5The outer vane tln% di aneter may be
5

N
in the range RefiPhgraltodte fivid Pasrdoe ghannel PYA/PRhe GaSIPGALRPYSINYS0- 500 N The

vanes nmay have a stHasdcaBhd pbriyn Wity SUdsRinGMNGa8iapRIAivs té BRIakis| ot etbtion of
Al ternativel t he vanes maéhhave a variabl e thickness across their |ength.
y

y :
The thi cknesshent leadt opgriragel be in the range of 0.2-20 mm and typically
in 10the range of AkemativEl) the second portion may extend from the fluid passage channel in

15 a direction not passing through an axis of rotation of the at least one impeller.
Advantageously, the second portion may extend from the fluid passage channel
in a direction at least partially and typically substantially tangential to a direction of fluid
flow with the fluid passage channel or to a direction of rotation of the at least one
impeller.

20 The second portion may extend from the fluid passage channel in a direction at
least partially and typically substantially tangential to a continuous fluid flow between
the second portion and the fluid passage channel. By such provision the flow of a fluid
into and/or out of the fluid passage channel may be improved, e.g. reduction in fluid
pressure on entry into / exit from the fluid passage channel may be minimised by

25 provision of a smooth guidance between the fluid passage channel and the second
portion of the at least one inlet and/or outlet channel. Thus, the efficiency of the pump
may be enhanced.

Typically the second portion of the at least one inlet and/or outlet channel may
extend from the fluid passage channel in a plane at least partially and preferably

30 substantially perpendicular to an axis of rotation of the impeiller, in a direction at an
angle in the range of 0° (substantially tangential to a continuous fiuid flow between the
second portion and the fluid passage channel) to 90° (radial).

The pump may be defined as or comprise a multistage pump. By such
provision the overall performance of the pump may be improved while optimising the

35 compactness of the pump, e.9. keeping its size to a minimum.



Advant ageously, the punp may conprise a plurality of punp units.
Conveniently, the inpellers of the plurality of punp units may be connected

to a dri wo=huf11636 Preferably, the drive sihrafftGRnd/tbx2
inpellers of the plurality of punp units may 15share a common axis of
rotation. The di aneter of the shaf{ may be in the range of 10-90% of

the hub portion dianeter. It is to7be under st ood that the dianeter
of the shaft relative to the dianeter_of the h t] Y, di ng
on the applicati oh-yB‘ﬁ?f‘fysgﬁe?Ie?%‘fe {'fe r%\grﬁéw?qp %89@%6}‘ g@%gﬁ g?‘l‘é@%ﬁ%ﬁg a

mul ti stage pPYRepIGAINDTdfPUR Wnitls) wdydiarthe fargengs 1100; snd sypidaliamb toe Irangemds
for, e.g. gas turbine engines or turbine gearboxes, the dianeter of the
shaft relative'®o the diameter of the hub portion may be relatively snall

so as to m nini se ThBeofesicabingieatghs desciifed ipwopnedtion edthtthaéitst aspect of the

i1, shich dwepienay el apol BuRTaVEP Bre ARge Peorecind 8k P UTRE i Bhush ™

recovery, thendispieaiforefnot Rpestedfiér doatiesriese. t o the di aneter of the hub
portion rmay be relatively high so as to be capabl e of w thstandi ng high
mechani cal constraints, e.g. torsion strength, inparted to the shaft by the
driving of a hi gh mudsiapig t6h thitdRspedi dfthe Freeestlinveation theredis peoddesiarompe ey

shaft relative to the dinmension of the hub portign r e p t it
particul ar 39 YN @RUTHHEUCK PP t?oB'L‘mPhaeccﬂré’gW {Oo E( @O'{)ﬁ%&g}% sf‘?gf:toﬁf % t he
i mpel | efgi t sehfenti®nsi ng, or the overall dinmension of the punp, thus not
affecting the performance and efficiency of the p . .

Advant ageousl y, t H&egRtaleastePne Mpg|ier %Q%/ foRBYS A ﬁﬁ?'h%ndr Anlurally Sovass,
preferably 5QxR3%n rag,{\@ar@z%ﬁf@bérypt@@&&%ﬁéméhe hub portion dianeter. WO
2011/ 101636PCT/ GB2011/ 000222 19 i a fourth aspect of the

Ac(fﬁr di nﬂhtt?w
i nvention there i SNEravPBAY ke gudNFPReTY YR 2R 8M8linp according to the

first or second aﬂ@gf&bumhé A€ 1ddaY ORé | iPPelleT hBayC asthpigsemahuateprdf Senem e the
more casing units.

referably, the casi C ise a plyrality of
casing 4i ts.rawa%fhmo@:PFFéerﬁ?;'Mr‘%metr?”Qﬁ &%gmgrq%%gf)lg aRBSP"P "’#ﬁ?@?e a first
side facing towardrng faRél nedydcsthpidaca PubThortishdcennzetednd the dehaft aatiangneaowsar d
a di scharge end of the punp. The R%L;frality of casing units nmay conprise a
first end or %é‘é“ﬁ%@icﬁgﬁﬂﬁf’ftmaﬁ& B%nd end or di scharge casing unit.

The first side of tlaedidrhétet ofthE hab pbRBnIeRtheciatha cangsiof 58P rtwe, and typically
substantially solid, 10and pay conprise an aperture connected to the at
| east one i niiBthecRagmel 1GR0P At i rst end or feed punp unit. The

second spde of therdd freheansy ®irtfer adnipaisé g fiamged pariomeeaomnpeipbery of the
seal ably connected, to and/or may be in abutnment with the first side of an

adj acent casiffﬂ“%nit. 15The first side of the second end or discharge
casing unit nay berypRAME&Ethnes may extend outwardly from a periphery of the hub portion.

The vanes may extend outwardly from a periphery of the hub portion beyond
the periphery of the flanged portion.

25 Alternatively, the vanes may extend outwardly from a periphery of the hub
portion and may be substantially flush with the periphery of the flanged portion.

Alternatively, the vanes may extend outwardly from a periphery of the hub
portion inside or within the periphery of the flanged portion.

Typically, the vanes may extend substantially radially from a periphery of the

30 hub portion.

Alternatively, the blades may extend at an angle from a periphery of the hub
portion, e.g. at an inclination of 0°-60° from the radial position in a forward or rearward
attitude.

The vanes may comprise a first side and a second side.

35 The first and/or second sides may be substantially flat or planar.



e.g. sealably connected, to and/or may be in abutnment with the second side
an adj acent casing unit. The second side of the second end or

di schargewoasimgiasai t may be substantially solid, and negTaBIprii®e22an
aperture connected to the at | east one outlet 20channel of the second end

or di scharge punp unit. The pl ural1 y of casing units may further
conprise at |least one internediate casing unit. Typically, the first

ide of th I [ di ' ' 4.
Sealabl y connect cAISTBURNIAL VAR BE PR EARITHEN MRS e BoRt oL s o

the first endnéfrb@edpofigicapfigurationsr to the second side of an adjacent
i nt er nedi at e casi nit. ... Typically alsg, the seco si de at
| east one intermaﬁhig‘ﬁt@ A supsigniatly tdyq%heﬁ"%y@é?ﬁ?lsét@tvgﬁ?s a9. eg'gglagb?@& Vae
connect ed, t@ipafehier. My be in abutment with the first side of the second
end or discharge unit or _to . the first

sin Ofr . ' si de of j acent ,
30i nt er medi at e cagli%ﬁgj’“ jvgne tip dnametqryrﬁﬁ%bfep@/,thetrﬁagq Pt @1@%@%]@% twiaNg
unit may be ¢otheeahqbies0-pO®MAT ably axially and/or seal ably connectable, to
t he second side of_ an adjacenpt casin njt, e.qg... connect jon, means such
as thread and scr € VaRei nay hays ?)§“9§?arbl'ﬁh:y '1‘?'%5% th'%ess SE16Ss thei tehgih.
2011/ 101636PCT/ GBARA{aMN 27e Ydhes may habk taeranabie eitkhess berobs thelr (@igtle of a
casing unit may be connected, preferably axially and/ eal abl y, connect ed,
to the second sid h&ftp'a‘f-r‘eéaj%%ﬁtaneam%¥gbeu'ﬁitﬁ? '%’.95.0 8?‘8@&%@{‘%%’&6’&' i ng.
Conveni ent | y tharapganf 0816 miey be formed by providing at |east one inpeller
S5between the first side of a casing unit and the saﬁcogd side.of an adjacent

e pfuragy ©.

casing unit. AdMantageA§dotheIRYMP HRY FPPRYS PHRBMESunit and the

second side of an givasemnly, haSinpeleid bl theRyrsIRyTHl gIminienRapbothetectd taa t 0
formthe fluid passage channel of the corresponding punp unit.

Advant ageous|dvape¥t "t he first side of a casing unit and the second side of

an 10adj acent casimérerbyl, tHEriveOsRakteImaIthe GRpelRAOLINGE phdaldp of puhprumits hey
second portion of the at | east one inlet and/or outlet channel of the

cor r espbhdi nFhBEHCAURAMPn axis of rotatieRe fj st side of a casing unit and the

second side of an 1adj @sMeter oAtHeNchaftvnhy 5B Yin ARETRArRIEESTt 10996 auf ahdr @ub Sortas t o
further formthe curved portion of the at |east one inlet and/or outlet

channel of tI#BYe:espondi ng punp unit. 15Alternatively, the curved portion
of the at |east ongisithlRturaBeicdd thut thetdismhéanet thefshi eelaver wsthe nitinmgemofp

unit may be er\g wug %%rt\ilgnt rrr]\!a;? vgrty clie%%ﬁéing Q)% t?\fe gp?) |ca%gi'\ ae%sgggé:da ?oirr{ﬁe lf)mntps in
20 applications requiring a multistage pump comprising a low number of pump units, such
as oil pumps for, e.g. gas turbine engines or turbine gearboxes, the diameter of the
shaft relative to the diameter of the hub portion may be reiatively small so as to
minimise the overall weight of the pump. In contrast, in applications requiring a
multistage pump comprising a high number of pump units, such as electrical
25 submersible pumps for, e.g. oil and gas recovery, the diameter of the shaft relative to
the diameter of the hub portion may be relatively high so as to be capable of
withstanding high mechanical constraints, e.g. torsion strength, imparted to the shaft by
the driving of a high number of pump units. Therefore, the dimension of the shaft
relative to the dimension of the hub portion may be adapted to suit particular
30 applications, without the need to alter the dimension of the impeller itself, casing, or the
overall dimension of the pump, thus not affecting the performance and efficiency of the
pump.
Advantageously, the diameter of the shaft may be in the range of 20-90%,
preferably 50-90%, more preferably 60-80% of the hub portion diameter.
35



Preferably, the first or axial portion of the at |east one inlet and/or
outl et channel of the corresponding punp unit nay be provided within at
| east onewof2otiei@dj acent 20casing units. Typi calPcy,GBeatinopeep uni t
may conpri se one inlet channel and one outl et channel. Typically
al so, one inpeller may be provided betweep, the first side of a casing unit
and the second side of an adjacent casing unit. 25Typically, for a punp

g N s oy
N o9 Nhe R et  ASoRR pRRERN P el RSk WRelifg Bl "
of 20-1, 500 nnva pamg dcy@iingltd melfmsttdneecaird@pecftOBmeﬁov)anﬁnm The
at | east one casi ﬁ.ﬂsgg%@gn& tcﬁg\égg?iaﬁ@&%%s%ggg utaﬁéght In the range of 10-

301100 mm and typi e of nm According to a fifth
aspect of the invenéfeablyt trerasing nmymompeide a pleblith of easggngnitssi ng at | east

one pu accordin fir t
The wel I'bore nay %@%PF@E %lHra {thﬁ aélf'gc”}ﬂf ?f:ﬁ té}%e(éﬂﬁré Qi&g%éu@}o%vgr%ta
| east 350ne pesderaicsf otedpurgp tamdtasecbind smle @arcmgdowanﬂ adipeargoeénd didhe pu@nt i on.

D L LT 0D B Pl Bl VB BORBAMBLIAE ik Bho bl ¢
driven by a reterd éﬂﬂmtmhargdrdavmg@n&haft The notor may be

electrically operate an ed, t 0 fae
power supply by el Sghtcsécf %f(c)}ﬁﬁg"éﬁ £AY oﬂgxgnfg 3‘%53”%’ gﬁ X}aﬁ hﬁu%\;glvlé" r ?érrl”é/ s%ﬁ&
cabl es. 10 andThw/ edrhprisecarnhperiuté conrectea torle IaEIepsmnaje&twharmelh ohthedissing
of a/the wellbore, The casing may be provided with a supply portion for

al lowing a d&RARGIEEIRURRIN S| de” t he

The second side of the first end or feed casing unit may be connected, e.g.
sealably connected, to and/or may be in abutment with the first side of an adjacent
casing unit.

15 The first side of the second end or discharge casing unit may be connected,
e.g. sealably connected, to and/or may be in abutment with the second side an
adjacent casing unit.

The second side of the second end or discharge casing unit may be
substantially solid, and may comprise an aperture connected to the at least one outlet

20 channel of the second end or discharge pump unit.

The plurality of casing units may further comprise at least one intermediate
casing unit.

Typically, the first side of the at least one intermediate casing unit may be
connected, e.g. sealably connected, to and/or may be in abutment with the second side

25 of the first end or feed casing unit or to the second side of an adjacent intermediate
casing unit.

Typically also, the second side of the at least one intermediate casing unit may
be connected, e.g. sealably connected, to and/or may be in abutment with the first side
of the second end or discharge casing unit or to the first side of an adjacent

30 intermediate casing unit.

Typically, the first side of a casing unit may be connectable, preferably axially
and/or sealably connectable, to the second side of an adjacent casing unit, .g. by

connection means such as thread and screws, bolts, clips or the like.



casing. 10The artificial lift systemmay be further equipped wth filtering
and/ or straining neans for renoving at |east sone particulate matters from
t he fl ui dwoaoteiopasaped. The fluid nmay conprise a naturalpCfriGB2diigweizzas a
fossil fuel fluid, e.g. oil or natural gas. Advantageously, the punp may
conprise a plurality of punp units. 15Typ%¢;ally, the pressure rise ratio
between an outlet of and an inlet of ale of the plurality of punp

unit(s) may be in the of. 1-100 n 0.
Topi cal 1y, "t he | neVEEar Rl PROA oo 4B R ot defindlo SORR sl
plurality of zndrgp seaiably comyebed| to thesemngesudn‘ oR@n2@ifjagest casingl unitpedalbyy in
t he range of 50 100 20 when used for punping oil. Typically, the
operative rot CRHNgH M ?‘E@@Qj of the punmp nay be in the range of 500-25, 000
rpm and typicall )Cdnmembrﬁilyr ang.enp uni8 ntObe Bord@o bypproviding at least one impetierdi ng
to a six fr€Ngi ne

oi | punp coﬁa%?‘%‘?eﬁgt"% wsfglg PP%H%SC?@%%F%@ th% 38?1 d S%%I ?{%n%la asc:eH%%sfﬁ cond

aspect of the i nveavattageddiyanha diestusidey of tdﬁeammpnmm;\dcﬂnepsewed asige of a@ni ty

o P 1 SR LSD vt AR PR FOTRE fet DR AP oe

30The at | eashaoms of medjongsmdmg(mmm;mtcorrpr I se 2 5 punp units, and

Lypleally 2 DU ol Sapesush At GG i ki Fr L e s e

an oi |l neser \/am'qafcenﬂ'd.“Blr@turineﬁ@,t camgen eatvaTeganathes eotas@mfmmythe(samnds@rmrsofpurrp

units, and 35%/ gl %gslt o¥\e mIgt ama/or ou{le% ‘channel of the corresponding pump unit.

The first side of a casing unit and the second side of an adjacent casing unit
may complement one another so as to further form the curved portion of the at least
one inlet and/or outlet channel of the corresponding pump unit.

15 Alternatively, the curved portion of the at least one inlet and/or outlet channel of
the corresponding pump unit may be provided within at least one of the adjacent casing
units.

Preferably, the first or axial portion of the at least one inlet and/or outlet channel
of the corresponding pump unit may be provided within at least one of the adjacent

20 casing units.

Typically, each pump unit may comprise one inlet channel and one outlet
channel.

Typically also, one impeller may be provided between the first side of a casing
unit and the second side of an adjacent casing unit.

25 Typically, for a pump comprising N pump units, the corresponding number of
casing units may equal N+1.

The at least one casing unit may have a diameter in the range of 20-1,500 mm,
and typically in the range of 50-500 mm.

The at least one casing unit may have a thickness or height in the range of 10-

30 1100 mm, and typically in the range of 50-550 mm.

According to a fifth aspect of the invention there is provided a wellbore
comprising at least one pump according to the first or second aspect of the invention.
The wellbore may comprise an Artificial Lift System (ALS) comprising at least
35 one pump according to the first or second aspect of the invention.



WO 2011/ 101636PCT/ GB2011/ 000222 22 Advant ageously, an outlet of the
at | east one scavengi ng section may be connected to a filter nmeans, e.g. an
air/oil swpaoatwiqeéprior to the oil being discharged i ntPoTidB20m/d00222
reservoir. Conveniently, the at |east one feeding section and
scavengi ng section may be 5connected to [or driven by a common shaft.
According to a seventh aspect of the invention there is provided a gearbox

| ubrication syste tur i ne ar box., | a o] i-siing
at | east one purrprpéie‘%'g’dlﬁﬁ ??{8/ 'P‘P?? ‘éfrt §g£%,% t"}é pec ? i 'F rg F‘%\E}t‘g?} !\ on.
10Pr gf er?bLy_,Subhermanmp (ESB(yjl cation system nmay conprise a w nd turbine
gear box | ubricati system yant ageous gconmprise a
plurality of punpqﬁﬁip%l‘g".p_may d”WgﬂcaarInP ,th[réltg; W@%e | ocated within a
Pacgl | e of the w:c Mhetrbigtdi may belre@‘fg]{caw gperatea, mmq:nnnayteddmprplower swppiestch one
eedi ng section punpi ng o r ir to e

| ubri caty on &pst e "power %leyapy@é grfcagﬁggrﬁecélhg 'géés/n%(btl el%aﬂcg \%'Hgse 2-5
punp units, aadletypically 2 punp units. Pr ef er abl y, the purrp may
further corrpri se st cave for 0 he
gear box | ubricati glr”l’esi@ @f‘rf {I]BVSZ?{ndn?ygt?eegré)?@Sﬁs lwotn'? S%g?[ ﬂﬂgq’vé"bgk ke

scavengi g SegkingindBe pAVIdeH SHth2a SugphTportion fer, allawihgt / powetidle @i pusige thei ts.
Advant ageouslé an outlet of the at | east one scavengi ng section nay be
connected to @Piter neans prior to the oil being discharged into the oil

reservoig. The amflcnaﬂ:@lﬂ\@sieﬁﬂh"lay bet fagthart edudpret witrefilfeziediang/cs strainig and

scavengi ng section ma e 25connect ed nd/ or haf t
Accor di ng t o BgANs;t @Hﬁﬁ"f’a@s@é aﬁkswq&%ﬁ?"}?ﬁef% ?‘? fR%?%v dge%m%d[s)rocess
manuf act uri ng appamheat ilfid nfaydeordpri¥eas matealt iuidisucr aa gpédssiv dled fiutiale. Pracess

assenbly, conpri sgqﬁ% at Ieast one punp according to the first or second
aspect of t h3Y43eaRSi o According to a ninth aspect of the

invention there i st\dsy@.@mgg@myamwfmmp muymompmapluahtyeofg;um unitbi | e wat er
punp apparat us, Fgé ﬁ?(/ ét?ﬁ P@ﬁgt?rgsnse ratio Betweer %ﬁ%ﬁﬂ%{] erang arggiﬁle of g/te & of

second %pect of th Sbpar afus may
be fitted to R pfitCONFUMSEnitis)vady be indthappagesius 10@ agd typicallgiin the raoge af

vehi cl e such 1a?oa fire engine or water tender.
Typically, the incremental gain in fluid pressure provided by each of the plurality
of pump units may be in the range of 20-200 psi, and typically in the range of 50-100
20 psi, when used for pumping oil.
Typically, the operative rotational speed of the pump may be in the range of
500~25,000 rpm, and typically in the range of 3,000-20,000 rpm.

According to a sixth aspect of the invention there is provided a gas turbine
25 engine oil pump comprising at least one pump according to the first or second aspect
of the invention.
Advantageously, the pump may comprise a plurality of pump units.
Preferably, the pump may comprise at least one feeding section for pumping oil
from an oil reservoir to the gas turbine engine.
30 The at least one feeding section may comprise 2-5 pump units, and typically 2
pump units.
Preferably, the pump may further comprise at least one scavenging section for
pumping oil from the gas turbine engine to an oil reservoir.
The at least one scavenging section may comprise 2-5 pump units, and

35 typically 3 pump units.



WO 2011/ 101636PCT/ GB2011/ 000222 23 According to a tenth aspect of the
I nvention there is provided a fuel punp apparatus conprising at |east one
punp accowdizag/mosdshe first or second aspect of the i nvenTigBr11ZDhe2f ue
punp apparatus nmay be fitted to or may conprise an autonotive vehicle, e.qg.
an autonoti ve engine. According to el eventh aspect of the
invention there is provided the use of a np according to the first or

second aspect of the inventjon in f" W(? 0The wel boreenyli r| se
an Artificial LifAdeydpesausi g outlet t pqt ‘8?? ong REAGREING ST (THY &F al
Lift System %Mn%mfo' S At mEBRCEelg. @ﬁbwﬁdbﬂé‘pé&tdﬂ BridTuBhe E$B}amg'ﬁmhptg€p may
be driven by a notor through a driving shaft. The notor may be

el ectrical |y i¥p&ieeid@SenPll connected to a power supply such 15as surface
pover supply by elmiédiedly, mesést@aems@n@n aRll ecavengil saictiommapibe

cabl es. The art|f|C|a lift system be provided within a casing of
a/ t he we? | borc@nnentrd o A8, dRYEN Hed BYBVPR&2M t h a supply portion for
allowi ng a downhole fluid inside the casing. 20The artificial |ift system

may be further equipped with filtering and/or straining . neans,for
at | east some par t"\CéQﬂdélgetonﬁtsleé?@hquB%?tt?feth?I'E‘J‘ie&t'?rb t'?:f’égdﬁr’?ﬁ%"éded a g":'a%%’]‘he

fluid may conpicaforfsyd@dmirdl. & hitbePeaRboRIutirichOss systémetorprisind atdlegst amel or
nat ural gas. drvant ageously, the p se a plurality of punp

uni ts. 25TypiRu&IF 3ecoring tPes @ﬁfs?ftng”ébﬁPeF'fPfgp%‘Merﬂ'P@ssur e provi ded by each

of the phurality @frefardBR, Ukt ?eé’fBUx hebricAtidrneystamy enayf cBMp@0 apwind andine
typically in the range of 50-100 psi, when used for punping oil.

Typi cal ly, m@atb@ém&mm@wsy@m onal speed of the punp may be in the range
of 500- 25, 000 rpmAdaQﬁkagy&szﬂéfpunfb ﬁxbﬁfcérﬁ?ﬁbé @ﬂu?am@wpaﬁupamsrpm 30
i on

According to a twelf t he inven IS pro%{l ded the use of
a punp according tTdPtCHUé/ mer@{mibmaxéémt%’s‘ﬁmaﬂficﬁ"ﬁé’ heMRE HBRTPn a gas

turbine engine oi lpRiPably, the pump may comprise at least one feeding section for pumping oil
15 from an oil reservoir to the gearbox lubrication system.
The at least one feeding section may comprise 2-5 pump units, and typically 2
pump units.
Preferably, the pump may further comprise at least one scavenging section for
pumping oil from the gearbox lubrication system to an oil reservoir.
20 The at least one scavenging section may comprise 2-5 pump units, and
typically 3 pump units.
Advantageously, an outlet of the at least one scavenging section may be
connected to a filter means prior to the oil being discharged into the oil reservorr.
Conveniently, the at least one feeding section and scavenging section may be

25 connected to and/or driven by a common shaft.

According to an eighth aspect of the invention there is provided a process
manufacturing apparatus, e.g. a pharmaceutical or a petrochemical process assembly,
comprising at least one pump according to the first or second aspect of the invention.

30

According to a ninth aspect of the invention there is provided a water pump
apparatus, e.g. a mobile water pump apparatus, comprising at least one pump
according to the first or second aspect of the invention.

The water pump apparatus may be fitted to or may comprise a mobile

35 apparatus, e.g. a trailer, or a vehicle such as a fire engine or water tender.



Advant ageously, the punp may conprise a plurality of punp units. WO

2011/ 101636PCT/ GB2011/ 000222 24 Preferably, the punp nay conprise at
| east onewbeedimgs3dsecti on for punping oil froman oil resecBRIri/em2he gas
t ur bi ne engi ne. The at | east one feeding section may conprise 2-5

punp units, and typically 2 punp units. SE%eferably, the punp may further
conprise at | east one scavengi ng section punpi ng oil fromthe gas
turbine engine to an oil reservoir. The at | east one scavengi ng
section may conprise 2-5 punp units, and typically 3 punp units.

Typi cal Iy, the nunesrdiig QUEReMHléébettnofthﬂ alentieastheens soaided gi ft@l pempi on

may 10be at |east equal to and typica ter a he nu
units in the 2RPATAHSSEOMRISINS AL dras OQ%B't‘mér?% ’P@rtﬁé\rf {}éf §r S§5R8 ﬁﬁ?ﬁ)célgp*ﬁgp
punp units innjehgomt | east one scavenging section may be less than the

nmb f t the at | t f eedi tion. Advant ,
an out 1 6t 0f e dh AL PUBRPRSEE BIRIGES JEEY B8 Sl SOTRRG A AL B o

filter means.efic, e 3Nadtbitoiotiveemanait or, prior to the oil being di scharged

into the oil reservoir. Conveni ent | y, the at |east one feeding
section and scavengi ng section may be connected to and/or driven by a
comon shaft. According to an@é’@h’trﬁmﬁbﬁ'the ﬁr’ﬁ&nme@bﬁ freviggethahlse of a

cl ockwi se and/ or 20countercl ockw s @ @pl rteenth aspect
of the i nventRUSP 3458IANG 18 the Bret ?fe?fcf"l’%ai&‘?ét fth%'"ﬁ?!ﬂ%”é%écw H§ to the first
or secong aspect OfhelvitdibbraRE wﬂpns@amgﬁmfmm $ysherh ¢atL$)on system e.g. a
t ur bi ne gearbox lubrication system t he gear box tion

system may conpri s&/PEaly. nihet Mpw@/Amﬂmal L|?t %ys e may “comprise an Hec rical
Submersible Pump (ESP).

The pump may be driven by a motor through a driving shaft.

The motor may be electrically operated, and connected to a power supply such

15 as surface power supply by electrical connecting means, e.g. electrical wiring or
cables.

The artificial lift system may be provided within a casing of a/the wellbore. The
casing may be provided with a supply portion for allowing a downhole fluid inside the
casing.

20 The artificial lift system may be further equipped with filtering and/or straining
means for removing at least some particulate matters from the fluid to be pumped.

The fluid may comprise a natural fluid such as a fossil fuel fluid, e.g. oil or
natural gas.

Advantageously, the pump may comprise a plurality of pump units.

25 Typically, the incremental gain in fiuid pressure provided by each of the plurality
of pump units may be in the range of 20-200 psi, and typically in the range of 50-100
psi, when used far pumping alil.

Typically, the operative rotational speed of the pump may be in the range of
500~25,000 rpm, and typically in the range of 3,000-20,000 rpm.

30

According to a twelfth aspect of the invention there is provided the use of a
pump according to the first or second aspect of the invention in a gas turbine engine oil
pump.

Advantageously, the pump may comprise a plurality of pump units.



gear box | ubrication system Advantageously, the punp may conprise a
plurality of punp units. Typically, the punp nay be located within a
nacel | e ootzne/miesd turbi ne. Preferably, the punp nmay cecpréeeliaoizeast one
feeding section for punping oil 30froman oil reservoir to the gearbox

| ubrication system The at | east on§4feedi ng section may conprise 2-5
punp units, and typically 2 punp units. Preferably, the punp may

(e e, Eo0 L5, BB B ot i

gear box l|ubricati
2011/ 101636 PEFbh{ER6ilis600R 22tha gas turbine efipimeat | east one scavengi ng section

may conprise 2-5 nmp. units nd. t ypi cal | . .

Typi cal ly, the nuﬁ%‘grat gqas H%%&ﬁlflgsS%F o1 hvéygég R‘ﬁﬂges?'-%%@“%g%seﬁa‘.’ﬁ 'Csaé%tzi on
may be at | egmimpaghitel to and typically greater than the nunber of punp
units in_the at |eas ne feedin ection. . ernativ :
nunber of punp unﬁ ftefa%?ytﬁbe%lﬂm? 5%??“@?% ORRUER &t Waéls%ncet{c@&éﬁ']ﬁg%&ﬁgsf%r
than the nunipgmpirig gifrgm thai gas turbiriehenginke tb @a il reseevdireedi ng secti on.

Advant ageously, an. outlet of the at l.east one scavengi ng i on o
connected to a fil thgratrrgeé’ﬁg 9BF | TRV &eET H‘eﬁynﬁorﬁ‘?résgh%%gééhgnywh%%oi I

reservoir. 1Qgmeanedippig yhitst he at | east one feeding section and scavengi ng
section may be connected to and/or driven by, a S . .

Advant ageousl y, t hr}ndpﬁa'ﬁpt%vr%éer@ﬁ@?@[ilugﬂﬁI'%@E\ﬁ? Eeggtgﬂ"cﬁ %c%t’%%?ﬂ LRI se.
15Accor dp ng toe 4 idpuehesnd Bnaspoally gfeatdrehamthe muimber bheurep usitpindké dei@asthe
use of a punp at%coc{_di ng.to the first or second aspect of the invention in a
process manufA€t'eR '%Seg‘ﬂﬁ%r atus, e.g. a pharmaceutical or a petrocheni cal
process assenbly. Apternatively, thé\¢uaibdi BOpdrap anits frttaerst keass pee scavenging section

o et gy o el s e P P ROMEB 520 et adln ot o
Advantageously, an outlet of the at least one scavenging section may be
15 connected to a filter means, e.g. an air/oil separator, prior to the oil being discharged
into the oil reservoir.
Conveniently, the at least one feeding section and scavenging section may be
connected to and/or driven by a common shaft.
Advantageously, the pump may be operable clockwise and/or

20 counterclockwise.

According to a thirteenth aspect of the invention there is provided the use of a
pump according to the first or second aspect of the invention in a gearbox lubrication
system, e.g. a turbine gearbox lubrication system.

25 Preferably, the gearbox (ubrication system may comprise a wind turbine
gearbox lubrication system.

Advantageously, the pump may comprise a plurality of pump units.

Typically, the pump may be located within a nacelie of the wind turbine.

Preferably, the pump may comprise at least one feeding section for pumping oil

30 from an oil reservoir to the gearbox lubrication system.

The at least one feeding section may comprise 2-5 pump units, and typically 2
pump units. .

Preferably, the pump may further comprise at least one scavenging section for
pumping oil from the gearbox lubrication system to an oil reservoir.



e.g. a nobile water punp apparatus. The water punp apparatus may be
fitted to or may conprise a nobile apparatus, e.g. a trailer, or a vehicle
such as awbizna/enggsne or wat er tender. 25Accordi ng to aPpsiradBentdoorspect of
the invention there is provided the use of a punp according to the first or
second aspect of the invention in a fuel e apparatus. The fuel punp
apparatus nay be fitted to or may conpri s€ an autonotive vehicle, e.g. an

aut onoti ve engi ne 30Accordi ng to a.sevent eent f [ ntj.qn
there i s provi dedﬁ-é‘epﬁ%as‘gﬁeﬁ %?V%nQ'%gﬁéogt Pn\?g %?Jrﬁ%%tet ges %Qﬁ’ﬁ %ﬁbrdlngi ng
at | east one tpigaly 3pump drite. at | east one punp unit conprising a casing or
housi ng conprising a fluid passa channel ;: an t S N .
provi ded i nsi de t%é“"(?ﬁ@ﬁ’ e ‘?%‘Pb%g’ﬁﬁi"ﬁa upﬁ@r*tﬁg%&%aa{%%ﬁca? %@'#ﬁ%&ggﬂsagage
channel , WO 0 1éak 620 RCANERDR Y §@ARR2 ndtbthe numbenbiepenm utiteeindbe ahlgagr
housi ng conpri s&s ﬁt Iec?st one outlet channel in comunication with the
@n@ % sedl

fluid passag & at |east one outlet channel conprising at |east
a portion extendi ngefdatively, tae hummbdr phssag enithiarthelat ieashonk sevenging aectiopast:

artially tangential to a direction of fluid, flow wth.he flui. assage
(F:)hannel )c/)r of”q%\f?ﬁ less &W"étfe ’t“I‘fBbeo{t°?PB’QEt“"B%QqP%ﬁ@F?%}ArO.ne fee@}%?eéklg%}oy, t%e
casing or housing mﬁﬁﬂ’abéﬁfsly@hanl oaldt mgmhe: at le'astcba?lrsehverﬁrr(gf seciibh ymay Hpie at
| east one outl et channel ma e per.i pheral .to the i a anne
and/ or the cﬁ“ﬁ?‘%‘?p%{'fﬁrﬂéa"ﬁp@?retp ?/'?b?'%d'é&qr%%@f'%otﬁ %i?)ge%? fvf)bﬂ' of the

at | eastpone out | atorwBaiBMG], theaxt 188t xinerfdeding sedtibe dhd wicdveraigessetiohmagdle i n
a direction substantiall tangrgnti al to a,continuous fluid fl ow between the

fluid passagerOPREFiRIC ruE R 2 EOMBIRRRAY porti on. Preferably,

the at |east one isdvahtagbsusnel ey pemper mzyer ak t opérablef | vlodkwaias s agped/or
channel and/or the casing or housing. 15BRI EF DESCRI PTI ON OF DRAW NGS
Enbodi ment s SPUMFEFIQGKMESEL i on wi || now be described by way of exanple only,
and with reference to the acconpanyi ng draw ngs, which are: Figure la

perspectjive expl oded vjew of, a regenerati punp.according 2 ir st
brbodi At of & T IAGPIEBG UResTE aB’P“eCEQW‘ei' NPy Biere ﬁ%ﬁ‘r"g&gg’% b2 e
partial viewmimg hecordiig @ the ofiree ok sévamingsgdctiiaf the invention in a process
flow through an inlet, flui assage channel .and outlet portions..  Elgure 3a
Cr 055+ Sect L orARRGHBraRPRE A B TACEHEL SR PoR @RS BifHD oc8dtassblrit
According to a fifteenth aspect of the invention there is provided the use of a
20 pump according to the first or second aspect of the invention in water pump apparatus,
e.g. a mobile water pump apparatus.
The water pump apparatus may be fitted to or may comprise a mobile

apparatus, e.g. a trailer, or a vehicle such as a fire engine or water tender.

25 According to a sixteenth aspect of the invention there is provided the use of a
pump according to the first or second aspect of the invention in a fuel pump apparatus.
The fuel pump apparatus may be fitted to or may comprise an automotive

vehicle, e.g. an automotive engines.

30 According to a seventeenth aspect of the invention there is provided a pump,
such as a regenerative pump, the pump comprising at least one pump unit, the at least
one pump unit comprising a casing or housing comprising a fluid passage channel; and
at least one impeller provided inside the casing for pumping the fluid through the fluid

passage channel,



line (A-A); 25Figure 4aa |ongitudinal cross-sectional view of the inpeller
of the punp of Figure 1; Figure 4ba transversal cross-sectional view of the
i mpel | er wbO 2hilguI@64a t aken along a line (B-B); Figure PaTwBes/®en2i onal
view of the casing of the punp of Figure 1 30perpendicular to an axis of
rotation of the inpeller; Figure 6a cross: ectlonal vi ew of the casing of
the punp of Figure 3 taken al ong aline (< Figure 7a cross-sectional
view of the casin

ure 3 ta en
2011/ 101636PCT/ CBIDE i?”bgg%z“?ng‘ﬁ Bf dl?gé'"ga%"”é‘?ﬂ S?gaee}d%\%?te\%n%f &g'r'? ehg)‘“e' '?4‘0
of a vane of cohenunigaebn GMthOfthd:IﬂQldr eas?@gwi thdnnel the uatd 1qaatsmgeomleammhnel
Fi gure 9an el evated parti.al ew o regenerative
second enbodi“REWR'SBE ahreﬁf‘trasl)o g’b@’étfa”(g’f’g ﬁﬁ@qﬁ? @E'&ﬁas?%ﬁrﬁj%'} ?@%l 'gsa %Vemhﬁon Y vid
f1 ow t hr ough |gast batialy tahberitidl RS singtion loh Naid floandthothe |fletd passbge nisannk gmfe
10a pers ective w_of a?r egenerative punp according

to a thi d e%@mﬁﬁgea?leéﬂf‘m%’?p bect of the present invention; Figure
1la perspective crefembly thevagingar Ablising tasrises gelrastadnievilepehgmnel.

Preferably, the at least one outlet channel may be peripheral to the fluid

passage channel and/or the casing or housing.
Preferably, the at least one portion of the at least one outlet channel may
10 extend from the fluid passage channel in a direction substantially tangential to a
continuous fluid flow between the fluid passage channel and the outlet channel portion.
Preferably, the at least one inlet channel may be peripheral to the fluid passage

channel and/or the casing or housing.

15  BRIEF_DESCRIPTION OF DRAWINGS

Embodiments of the invention will now be described by way of example only,

and with reference to the accompanying drawings, which are:

Figure 1 a perspective exploded view of a regenerative pump according
20 to a first embodiment of a first aspect of the present invention;
Figure 2 an elevated partial view of the pump of Figure 1 showing fluid
flow through an inlet, fluid passage channel and outlet portions;
Figure 3 a cross-sectional view of the pump of Figure 1 taken along a
line (A-A),
25 Figure 4a a longitudinal cross-sectional view of the impeller of the pump
of Figure 1; ,
Figure 4b a transversal cross-sectional view of the impeller of Figure 4a

taken along a line (B-B);

Figure 5 a cross-sectional view of the casing of the pump of Figure 1
30 perpendicular to an axis of rotation of the impeller;
Figure 6 a cross-sectional view of the casing of the pump of Figure 3

taken along a line (C-C);
Figure 7 a cross-sectional view of the casing of the pump of Figure 3
taken along a line (D-D);



10according to a first enbodi nent of a second aspect of the present

I nvention; Figure 12a cross-sectional view of the punp of Figure 11 taken
al ong a Iwoeo(1BoOK3p Fi gure 13a cross-sectional view of trhe/qgrwm/mH2281 gur e
11 taken along a 15line (F-F); Figure l1l4aan elevated front view of an
artificial lift systemaccording to a 7 first enbodi ment of a
fifth aspect of the present invention; FiQure 1l4ba cross-sectional view of

the punp used.in the artificial |ift, systemaf Fiqure .l4a: Ei
perspective VigWes a gas tuPBieHEr%er‘?gY‘% o971 ept 3 Q@cocggad\%ﬁ'ﬁzogéﬁ%%%'%f&a
enbodi nent of a sixth aspect Fijurd fewithie sefiuld passagd cheamneli gure 15ba

Conor o By ne comm: B rySleo Al Sieh S a felg@HE S BiinB SL3GERY ¥ &

| ubrication punp according t eecnki érabodimbatdbine fitst @bpect 26 tiee phesBbnswenttonof
the present invention; Figure l6ba_perspective view,of .the gearbox
| ubri cat? on punp of Figure 185?W'5$|(§|8'|9if8ﬁ\‘§“ el sgjtﬂéé)?f’%?glc%f]g%ao t he
punp of Figure 16b. 30DETAI LERIPESABHETI ON OF DRAW NGS Referring to
Figures 1 to 8 there is shown a regeneratiyv u 100 according to | rst
enbodi nent  ofF 19U 105t aspect 2AEIRE t"f’?r%’?ﬁe‘f‘ﬁtegimnﬁft? EHRC TiR 'V%BH%pf(?ﬁgrdfng
conprises a punp unit 105. to a third embodiment of a first aspect of the present invention;
Figure 11 a perspective cutaway view of a multistage regenerative pump

10 according to a first embodiment of a second aspect of the

present invention,

Figure 12 a cross-sectional view of the pump of Figure 11 taken along a

line (E-E),
Figure 13 a cross-sectional view of the pump of Figure 11 taken along a

15 line (F-F);
Figure 14a an elevated front view of an artificial lift system according to a

first embodiment of a fifth aspect of the present invention;

Figure 14b a cross-sectional view of the pump used in the artificial lift
system of Figure 14a;

20 Figure 15a a perspective view of a gas turbine engine oil pump according

to a first embodiment of a sixth aspect of the present invention;

Figure 15b a cross-sectional view of the pump of Figure 15a;

Figure 16a a perspective view of a wind turbine comprising a gearbox
lubrication pump according to a first embodiment of a seventh

25 aspect of the present invention;
Figure 16b a perspective view of the gearbox lubrication pump of Figure
16a; and
Figure 16¢c a cross-sectional view of the pump of Figure 16b.

30 DETAILED DESCRIPTION OF DRAWINGS

Referring to Figures 1 to 8 there is shown a regenerative pump 100 according
to a first embodiment of a first aspect of the present invention.
The pump 100 comprises a pump unit 105.



WO 2011/ 101636PCT/ GB2011/ 000222 28 The punp unit 105 conprises a
casing 110 conprising a fluid passage channel 115. The punp unit 105
further cwoppiigess3an i npeller 120 provided inside the casrmpali®obrze
punmping a fluid through the fluid passage channel 115. In this enbodi nent,
the casing 110 conprises an inlet channel 130 and an 5outl et channel 140 in
comuni cation with the fluid passage chanfiel 115. In this

enbodi nent, the inlet channel

ses irst j al
substantial Iy par dNeAUMPHI, 1°§>ﬁ°§“pc5lﬁg$8t°5?'[‘%ﬁ1@)FOTW ﬁ%’pép ?é’ragg% C%gn the
outl et channefs 514r¢1e6¢mm1f urﬁteﬁoaafufthérsctonwnsas aahmp@l@t n PO plcdities Linsd e thiei @Islng
parallel to n axi s of %atl on @_2 3 nqr%pel | er. %OThe i nl et channel
130 conpri ses Qf%’é&‘ﬁ?ﬂif‘%% i hroyaibthg fiiig Sﬁ?‘feﬁh@ &> I ui d passage channel
115 in a pl ane subgty@ptdnadddinérer penchsing aro tcmarrseaxars indt chanatli 130 end ahe

|1 er_120. The outlet channel 140 ' d jon 142
ext onl 1 {1 GYLEREERTIY 40 PRGTHTUERRA A 4 B0 FBssae S UaPant i al 1y

perpendi cul ar to 3n taXkembedineat, ahd Mlet @harree 130Tpehprigesl2first diSaxial tobition 134
enbodi nment, the second portion 13 42 respectivel the inle

730 and the GUBHBRAINBARUP (A BXF BhPIBT e rvhetin A% e Rl AR
a direction si4pdopiphiséd bYirst angaibt pariort Mas@tntiayopitalidl to an Bkiswf batatioresf t he
second portlon 132,142 and the fluid passage channel 115. The first or

axi al portionheBaPedptiathe second portion 132 of the inlet channel 20 130

are in gonmmuni cat i1 ikfet bhapnel ﬁam&dwnsa@d s@b@wd:mm@cuezjehynmngﬂbmdemomu on
136. The first or axial portlon 14&[“5% t he secog gok) on.1
IGHBE 19e3

outl et channdiassags gagneli 18 dnpRneauesRnta'Y Remes n @H%ofzrrogatlggﬁﬁgw& ed

by a curved pRpbiedn2846ne outlet chahRelt fai0ScoRipASsH H%é&ondﬂﬂﬁﬂdn 142 extending &bm
134, 144, second 132, 142 and curved ROI’tI on sﬁ:sfqntngly ! the,.inlet 130

outlet 140 cHBmidsPagsage phapnght’idl Ny ARG oyRENAieHA Rt &7 IEV‘S "§

circular in chRssn SEHkiMpeller 120. In an alternative enbodi ment, the first
or axi aI 134, 144, second 132, 142 and/ or curvig P rt on 136, iﬁ' lftthhe |lnl et
130 and'®ut et 140N &HnAmepdment thesecoRd paen 187.J %E?RPE?W’S'MIO § Iplet channe

Cross-sectiomsg and the outldtNcHaihél €4P @StiehEfom tth@ filid phssage actiaahel181h i 4,
second 132, 142 and/or curyv portion 136, he inlet 130 .an

6. of
outlet 140 c%’ﬁﬁ@%sqﬁ’éiﬁé’“ﬁ“yd?w'é'rtol%C‘{"W@“?"&:f&léd ng EWFEN AT SeRY: %locpal ly
in the range gh, 15;25aQ,drfm_. f|u|d assag&nymmmsl y, the casing 110 is pr ovi ded
wth a barrier or strip f separatin aflwg % ﬁﬁe e‘ &ortuon
116 near the inlet f‘t?hféfﬁh%ﬂ a’i@(?%%’?ﬂ%f‘ gp ﬂ?? $RESBAFOOR ‘I’fI’%Sr'? PLHEDDS
near thegout|elp gRGANRIMMdHKatBY WitHCohePBRdthér &1 dre SAnected by a curved portlon

2011/ 101636PCT/ GBZOll/ 000222 29 hydraulic seal is pr
pressure and 138wT Wéﬁﬁﬂéx'?b@%}/ 4 andybe serhrdRrtion Wé |55 Sl GR!0

are in communication with one another and are connected by a curved portion 146.

In this embodiment, the first or axial 134,144, second 132,142 and curved

portion 136,146 of the inlet 130 and outlet 140 channels are substantially tubular, i.e.,
25 substantially circular in cross-section.

In an alternative embodiment, the first or axial 134,144, second 132,142 and/or
curved portion 136,146 of the inlet 130 and outlet 140 channels may be substantially
non-circular in cross-section.

In this embodiment, the first or axial 134,144, second 132,142 and/or curved

30 portion 136,146 of the inlet 130 and outlet 140 channels have a diameter in the range
of 1-100 mm, and typically in the range of 5-50 mm.

Conveniently, the casing 110 is provided with a barrier or stripper 113
separating a fluid passage channel portion 116 near the inlet channel 130 from a fluid
passage channel portion 117 near the outlet channel 140. By such provision a



In this enbodi ment, as shown on figure 5, the dinension of the barrier or
stripper 113 is approximtely 300 between or relative to the fluid passage
channel 5ponvilonNidBE6 near the inlet channel 130 and t hePChdRpawsrge
channel portion 117 near the outlet channel 140. In an alternative
enbodi nent, the di nension of the barrierrég stripper 113 may be in the
range of 10-100, preferably 20-50 betwee nlet 116 and outlet portions 117

of the fluid passage channel 115. 10Re ' tq,Fi : th
i npel | er 120 ﬁrﬁﬂ‘?‘?g 'Sa{)r?‘f‘%qﬂlebe?‘ﬁ?n EHB%gés;gp%raggil?vglggsg@rgﬁrggé%@giﬁgﬁai ng
outwardly frqmtaoperi phery of the frame 121. In this enbodi nent the

I mpel l er 120 conprises thirt anes 125 whi.ch e.equal | v f ach
other. The franme 12#h§ ng'é“s"\{aaﬁ&SOHBr?"] 89‘"??? QS%QSPéaﬁfogqggsbﬁE{% 'En 0iGO
ag 0or geaL 1_@%@??3'{13?_&2 i)a@bﬂrcl))(inmélww° tewieroor aéflattvbetofmenfquraassa“gbecrshaéltf
1 and the inpeller share a co axjis .of rotatian. e dia o]
the ahart 160OREY TI6 1o iNeanPhatargl T Rba s dbic i R Aiore GRS fdar

di anet er. Thendbam@tesinmef 1400e hub portion 122 is in the range of 5-800 mm
and typically 20in the range of 10-400 nmm, . he frame 121 f
conprises a flangéd aB(ﬂ"?'i“@ﬁ"el%b?\‘gQre”‘at'l?e?'f'}?ﬁ%'?? OB;Left??ér'?rroiﬁi”pffﬁwﬁrH%@
flanged portigann i3rahge s 1601 piefdriblg 20587 Between inlet TiBandandst fo2onsxiti&nd
outwardly fromafgﬁéi hery of the hub portion 122 beyond the periphery of
the flanged pHiheBif RE3200803078H1 1) t er nat i ve enbodi ment, the vanes 125 may

extend et wardly fR&&riAg REFigMee 3y 4afant 36, thelimpeliet 1 20 cdrd@risesch freme 121, and
substantially flush with the peri

| n anot her al& @F"ﬁ&’t\/iq;éaréﬁ%%iwﬁ‘gg\%wggwgg’%igggp e%(e&ﬁé% g@‘ﬁﬁégf dl
) y from
a periphery of thanhHl &Rbddimentlie impelisie120 coiblises thiry panesphes which sree
fl anged portion
equally spaced from each other.
The frame 121 comprises a hub portion 122 connected to a shaft 160 at or near
15 a substantially central portion of the frame 121.
The shaft 160 and the impeller 120 share a common axis of rotation.
The diameter of the shaft 160 may be in the range of 10-90% of the hub portion
122 diameter.
The diameter of the hub portion 122 is in the range of 5-800 mm, and typically
20 in the range of 10-400 mm.
The frame 121 further comprises a flanged portion 123 near a periphery of the
frame 121. The flanged portion 123 is substantially concave.
The vanes 125 extend outwardly from a periphery of the hub portion 122
beyond the periphery of the flanged portion 123.
25 in an alternative embodiment, the vanes 125 may extend outwardly from a
periphery of the hub portion 122 and be substantially flush with the periphery of the
flanged portion 123.
In another alternative embodiment, the vanes 125 may extend outwardly from a
periphery of the hub portion 122 inside or within the periphery of the flanged portion
30 123.
The vanes 125 extend substantially radially from a periphery of the hub portion
122.
In an alternative embodiment, the vanes may extend at an angle from a
periphery of the hub portion, e.g. at an inclination of 0°-60° from the radial position in a

35 forward or rearward attitude.



30123. The vanes 125 extend substantially radially froma periphery of the
hub portion 122. In an alternative enbodi nent, the vanes may extend
at an angwe Mriaim@speri phery of the hub portion, e.g. arcarcBntildonzei on of
0-60 fromthe radial position in a 35forward or rearward attitude, WO
2011/ 101636PCT/ GB2011/ 000222 30 The vanes 5 conprise a first side 126 and
a second side 127. The first side 126 and Second side 127 are substantially

flat or planar. | ternatiye. e di ment s 125 may be
profiled and nay cg?r%\rl?'{seg ﬁg gmtpééé]a?'{)ﬁ\{ns'dewm%f‘g%ﬁ&ﬁ%? F‘Tﬁég?pr ofile
configurations. 5The ﬁnspsudé 1881654 seoindlside mmtsmbs@amﬂbw fRRPpiahgr vanes 125
defines an outer v outg%svanetlp dianeter is in

t
the range of 10- 10®maan EIPer 'nyﬁmggﬂi mgnt. nthFh)éa']eén dPasPespPiRs atfleMaunes
125 have a subsmpnse; elgl grerufcmlftwrstrnhdﬂockthesaoﬁl@rcesfsgutéwng | ength. 10l n an

I abl e t hi ckness across
their temgthe o T4 b of obslRRER o e i SHreste viesa dnarhies Fagier gone
0.2-20 mm antip digmetesl |y in the range of O. g 5 m’n1 ] i tzhiSflglg

hannel 115 is .n the farm of a conduit avi ng a dep an
et e | T Suteend e men s R (Ao o1 301 008 uc e VaKRl in e
non-circul ar riangerabm—ﬁ@emmon and has a depth/ height aspect ratio i nI Lh:n

i tornat i ve embodi HEnYEeRIE baTRiArLb S g h s iESietheries einipnihar | n
10 In an alternative embodlment, the vanes 125 may have a variable thickness
across their length.

The thickness of the vanes 125 is in the range of 0.2-20 mm, and typically in
the range of 0.5-5 mm.

The fluid passage channel 115 is in the form of a conduit 118 having a depth

15 and a height.

In this embodiment, the conduit 118 is substantially non-circular in cross-
section, and has a depth/height aspect ratio in the range of 0.4-1.2, and typically in the
range of 0.6-1.

In an alternative embodiment, the conduit 118 may be substantially circular in

20 cross-section.

Typically, the inlet channel 130 of the pump unit 105 is connected to a fluid
supply, and the outlet channel 140 of the pump unit 105 is connected to a fluid
discharge system.

in this embodiment, the casing 110 comprises a first end or feed casing unit

25 111 and a second end or discharge casing unit 112.

In an alternative embodiment, the casing 110 may comprise a single casing
unit.

The first end or feed casing unit 111 and a second end or discharge casing unit
112 each comprise a first side facing toward a feed end of the pump, and a second

30 side facing toward a discharge end of the pump.

The first side of the first end or feed casing unit 111 is substantially solid and
planar, and comprises an aperture 150 connected to the inlet channel 130 of the pump
unit 105.

In this embodiment, the second side of the first end or feed casing unit 111 is

35 axially sealably connected to and in abutment with the first side of the second end or



20cr oss-section. Typically, the inlet channel 130 of the punp unit
105 is connected to a fluid supply, and the outlet channel 140 of the punp
unit 105 we 2womoessbed to a fluid di scharge system PCT/GB2011/000222t hi S
enbodi ment, the casing 110 conprises a first end or feed casing unit 25111
and a second end or discharge casing unit_112. In an alternative

enbodi nent, the casing 110 may conpri se a3k ngl e casing unit. The
first end or feed casi_ng unit 111 and a second egd or di schsrI e, C 'l‘(pv% uni t
112 each consischargg @singrund;ide BagamMEHBWIFASSHLRP ¥iaVo P ?\% gﬁﬁ% "™Md a
second 30si deprémmtmrpmégoﬁesé@%aﬁgg end of the punp. The first

side of the first end or feed casing unit, 111 | s substantj al solj d..and

pl anar, and conpr i 9€$eaMNLYHER pltpe sgg@dﬂqrfg@gsgharpg CARIng At géiﬁsh%‘ﬁ’ﬁtéﬂ“%@o of
the punmp uni tspif@%ng planar, and comprib8s tahi Spertiitd @hdTesHown) ensettanth sheleutét t he
first end or feed casi n% unit 111 is 35axially sealably connected to and in
abut ment 5 wi t IFheReel 149 ot theipy@P 108 second end or WD

2011/ 101636PCT/ GBAGb 1302 dide Bt titH Brehand@er a8 icasingunft 111 Zomprisesnpart of the
means such as screws or bolts (not shown) pr vig$d \ﬁi&thi n Croér?s glr’ regesses
119. . fluidrpassage 6haNng| HES @ffthe MYMPNPO A3 8F thei sechad BY TR PRSI ¢
112 is subst ki 8ldnreSH0, ndpert Rf AREeconl hoRRAPIA2SEh@ BUBR hbme 1400tThe
shown) connected to the outlet 5channel 140 of _t{}ﬁa?un%#njt 10@. the fluid
The second sifti sisie af phe sqcpad epdar pChasericasg ifisoemrtisep PRE 8EE AN of
the fluig passrgeyeLlpnnel 11515 ted plifg upi MBS Ukrt of 136 sepsid parfiort 162 sfetbe et
portion 132 of the inlet channel 130,

and qart tgf tggeﬁl\ecoqq ortion 142 of
the outlet crAnes! 1§@,@ndm§tqf.’th65%e<:§r\a@06lpntﬁ%0_§ g sHtetERa R '8P schar ge
casing unit 112 alg@ SMPGASES iB8rmedlbyldievidihg tré idPpassi@goettsemtat séddndof
the punp unit 105, part of the second portjon 132 fof t,ge I nl et chgnnel r130,
and part of tyide sbteristoRid Pofeed Lasipe ynite! Yusndinectishside of A second endor
punp unit 10%4idatderdmmghinitArgvi ding the inpeller 120 between the second
side of the first 'end or feed casi ng uni t 113_ and thfﬁfffi rst si gg gf %nge
second hd or di schivAg@geIhNaTAcENY 819 of BIRAVR! Y 35 diqpsing yRtd AL 3RAME e
of the first maki@ of BeRetst & HNdibchatde adkhd (it 112 complement one another so
as to form the fluid passage channel 115 of the pump unit 105.
Advantageously also, the second side of the first end or feed casing unit 111
and the first side of the second end or discharge casing unit 112 complement one

20 another so as to form the second portion 132 of the inlet channel 130 and the second
portion 142 of the outlet channel 140.

In this embodiment, the curved portions 136,146 of the inlet and/or outlet
channels 130,140 may be provided within the first end or feed casing unit 111 or the
second end or discharge casing unit 112.

25 in an aiternative embodiment, the second side of the first end or feed casing
unit 111 and the first side of the second end or discharge casing unit 112 complement
one another so as to form the curved portion 136 of the inlet channel 130 and the
curved portion 146 of the outlet channel 140.

The first or axial portion 134 of the inlet channel 130 is provided within the first

30 end or feed casing unit 111.

The first or axial portion 144 of the outlet channel 140 is provided within the
second end or discharge casing unit 112.
The first 111 and/or second 112 end casing unit has a diameter in the range of

20-1,500 mm, and typically in the range of 50-500 mm.



first side of the second end or discharge casing unit 112 conpl enment one
another so as to formthe fluid passage channel 115 of the punp unit 105.
Advant agewo2by/mliae, the second side of the first end orcClramotza®ir?zg unit
111 and the first side of the second end or discharge casing unit 112

conpl enent one 20another so as to forn1th§ second portion 132 of the inlet
channel 130 and the second portion 142 of 4he outlet channel 140. I n

this enbodi nent, the .curyv ortion 46 of t inlke /

channel s 130, 140 f5d 16?805’8&89%”?ﬂ1‘2 e{-\ﬁéae N9 g?'pﬁﬂsdgéh'é@%ggoﬁi @ﬂé{l ﬁtﬁl t
111 or the sgqargeofernch 100 nehh SaruRyGiCalilyds tHegrange of SOLB50 #shn an al ternative
enbodi ment, the second side of the fjrs nd or feed n 1 d
the first side of AdYantegeusty e 'Eﬂpelﬁ i?‘l lﬁecagaglfznaf "ﬁ?@ ggf%cc\ﬁ'ﬁ%)lgenﬁ'zér}t
one anot her s®uater-tlockvagen t he curved portion 136 of the inlet channel 130
and the curved portion 146 of the tlet anpel. 14Q. ,

first ordaxial poﬁr?fﬁﬁbiﬁﬂ‘eo'fnﬂeﬁ‘e' 10 'étCaB?CPZ%ﬂgse'ﬁ%&q?‘s?dp°J°c?\‘7Y”8803”6!A°t°H¥‘E?t he
first 30end ofock@Rd. CBpisiEh Brovisichlthe pump 100 Ty bé ruséd(mr aafirsabr ponnial @nid144

of the outlet channel 140 is provided in_.the d end or di scha
casing unit mpirection and in arpeond of revese %@/}AB‘?CUQBC S¢f Hs%aglrﬁvgerhe frg® has

a di ameter i nyidebgort iBM@RhQ fluidis el umibedaa%d'eqmmdcal I y in the range of
50-500 mm WO 2011/ 101636PCT/ 011/ 0%@)222

second 112 end castsigmnaie Figyee 3 theip & gg\melﬁ@taﬂpapnﬁpyaﬁ\g quf Séé%?&%/or

10- 11001 cgié/d%bﬁﬁﬂd t o %cbﬁ@eh&ﬂ@meﬁf ofwfraaﬁpamof the presen@\dwanmm'geousl Y,
the inpeller is capabl e rotati ngoﬁ ‘ockvm se nd/or cou g%ﬁﬂ se.
f

Preferably, the i ipdnis émbﬂélm%ng the,pYBP s@e‘?”ﬁ@”? eé‘teé%'yc,sl"g' ﬁeglgn

countercl ockwhg® 18y dededbeRl iAVFigues 1 e spulie 1Ptsnavg denoteidy ilike anuhierals, or
normal fluid direction and in a second or reverse fluid direction. This

al l ows a usersUPBleMeRtEItY ‘the direction in which a fluid i s being punped as

required. Referring uﬁ@embeaiﬁene tﬁénmre@ chsnrehwm catl‘hp&éesvaiﬂredomdiél ipaftioni184/ of
a regenerative 10pu secon of a |rs

o f
t he predent |W§Yﬁm'§§ ,%?&I%f to a Xlﬁm got@mmﬁ@ ppe@tﬁ ol FAP M G tggsorg,g gt o

of generally csianhélamode&hmse&e firseoPaa pbadbndese sifstahtially Paglielas ah dxis 6f
Li ke parts are denoted by |ike nunerals, supplenented by ". In this

embodi nent , t’ﬁ&a"P"t‘lP@ﬂ“ed'ﬁa‘ﬂﬁél 130' conprises a first or axial portion 134’
15 substantial l'y parelsl &hbddimant, Qbfé$|r@forré)diﬁtdo@tfbnoﬂ34 hef thepielet eharfradtl 30’

S e e e Joppasshas shopaT LS S e bRl T B % g 44

20 of the impeller and/or substantially perpendicular to a plane comprising the fiuid
passage channel 115'. The first or axial portion 144’ of the outlet channel 140’ extends
from the fluid passage channel 115' substantially parallel to an axis of rotation of the
impeller and/or substantially perpendicular to a plane containing the fluid passage
channel 115'.

25 The phrase “substantially parafiel” will be understood as extending in a direction
at an angle in the region of 0-45°, preferably 0-30°, more preferably 0-15° relative to an
axis of rotation of the at least one impeller. By such provision, connection of the first or
axial portion 134’ of the inlet channel 130" with the first or axial portion of the outlet
channel of an adjacent pump unit (not shown), and connection of the first or axial

30 portion 144’ of the outlet channel 140’ with the first or axial portion of the inlet channel
of an adjacent pump unit (not shown), is made possible.

In this embodiment, the dimension of the barrier or stripper 113’ is
approximately 30° between or relative to the fluid passage channel portion 116’ near
the inlet channel 130’ and the fluid passage channel portion 117’ near the outlet

35 channel 140’.



In this enbodinment, the first or axial portion 134" of the inlet channel
130" extends fromthe fluid passage channel 115" substantially parallel to
an axi s obonotiawiea 20 of the inpeller and/ or substanti aCrGRreripwmt2cul ar
to a plane conprising the fluid passage channel 115'. The first or axi al
portion 144" of the outlet channel 140 e>§§ends fromthe fluid passage
channel 115" substantially parallel to anvaxis of rotation of the inpeller

and/ or substantially p endi cul ar. to l.ane contai ning the fl ui assage
channel 115'. 25Th'|8 arr)whaﬁt;egrbatwé%ﬁl&?glmﬁn&ﬁpéj)dmgn&oﬁeqtff’f}\w?rﬁerb%r SiHRRsy ﬂgdaa%ls
extendi ng in ke i thecahge oaitl 000y nweferably POLSOT beiweean ddle1 765 ,angr &ftiet pbitigns

0- 300, nore pygf .0-15 relativ 0 an axis of rotation of the at | east
one i npel | er.{glgétﬁghx'grpg\ﬁasqeocﬁ?n %ﬁﬂécti on of the first or axial portion

134" of the inlet Réfaningl tolBgurenitOhtHehe i ishswn oa prxspekti@oiekploted fvidwhef a
out | et channel n_adj acent pu uni,t. (no ho , _and connectjon of the
first or gaxi arlegglé)eprgwei gﬁ‘lfﬁcorgpgﬁﬁea hﬁrtdl & %‘ﬁfﬁﬁ'\ﬁg‘%f 5’1?1'55(ii aRPetH ‘?%Hbe fﬁr?sﬂ‘% or

axi al porti oningdntibhe i nl et channel of an adjacent punp unit (not shown), is

made possible. In i.s enbqdi t he di.pension of the barrijer or stripper
113' is appr oxi matIépbsfﬁ'bﬁglfnvﬁg’g%%f"“?‘&@bi {Pc? PYMPR g?rl“?ﬁ?'g %’Hg‘%’a‘&é‘g@ﬁaﬁﬁl
portion 116" meew 100 descrifedeini Figateschamselikd Parts Bethgt Bendtédiibg IkaSHagsrals,
channel portiéweé% ar..,.t he outl et 35channel 140'. WD

2011/ 101636P ik 0222 33 In an alternative enbodi nent, the

di nensi 66 of the BDarnhis @mbodinsdnt,i thpeasutidtldiannely1408 comptibes & aBeénddportion 192,

preferably 20-50 between inplet 116' and .t portions 117' of the fluid
passage chanr@reff1s from the fm'depaﬁ-s{@?%fﬁ?w&?ijg Ii'i‘6L§"§)aé‘ef(5'g§tﬁ8§‘%lyip§r%qﬁ‘BWH|aét°
preﬂr) sgecti ve featpla];aideof votatino bf ar]:e 5'Epe|g;enﬂzcm,t iavi@ iAUINEB AHOlIFMEN ihOa Edri]rbbiidnd
enbodi nent o i rst aspect .of the present invention. " In this
enbodi nent , tﬁ%‘gsfﬂ@'yiﬁ(ﬁg relgtive t&ﬂ?paxgsf°dgtﬁé?rh$fltse g‘i"?ﬁr?’?h}z%esi gn to the punp
100 described in Hhghis @nbbdingend, thk iduBletpdiahAelDRION Glode Not eshPrisel 4 kst BHERBAI S,
suppl eme ted by."'". 10ln this enbodi nent, the outlet channel 140"

conpri séd a FEEHIL FTFYYHPOUS extending fromthe fluid passage channel
115" in a plane sulretconfig@hlion @fethe @ahpc100amdyobe parfizilsriyolisef@tfed isinqfuriphe

i npel | er 120" angl.i n ﬁhi s%ffqbodbnent. i,n_.a di reFti on_subst anti alnll%l I afdi al
relative to alSaXPESYNe o {33l ISCBASrHR dpsitsd) £8r Tof ype in the casing or "shell” ofan pyj g
enbodi nent, texistiogicemattifughiapuned adsbXiblyl Ogtsile MOAINRINAY he 8mprdviel Perfofmancealf a 15
portion or a curve%. gorti on. The configuration of the punp 100" nmay
be parti cul arnglerl?é VEPYFSr use in punp assenblies where radial discharge is

desi red20 e 9. f or Inigrds bmbbme@asrhewﬁump behal % 'émgttefswgeemrﬁ;b,i g c6@piigdsf araal

unp asse . mai ntai.ning the inproved performnce of a regenerative
Bugp};. 201 n t?ﬁu?pehé(gd{%ﬁ?'? t %é'%ﬁhﬁ’f)a”fﬁng'@e{sc BAS5SI %ﬁ%ﬁta‘@'es%?ﬁ‘,t'g'fy. gxial
conpri ses oneopionpMOGind wieeidi the tdulei hatinelc 140N @les AR cofrABE iaSfst ar hkialst
or substantially axial parti.on 134" and wherein the outlet channel 140"
does not comﬂppéé‘ °éaquP%F ROFIOlyi al portion or a curved portion.

In an al ternati ve embosliemnive énftodirment, 1HROPumpYyIdoe My 8 Sedersdd isbahat e

25 outlet channel 140” comprises a first or substantially axial portion and the inlet channel
130" does not comprise a first or axial portion or a curved portion.

In an alternative embodiment, the pump 100" may comprise the second end or
discharge pump unit of a multistage pump, i.e. of a pump comprising more than one
pump unit.

30 In an advantageous embodiment, the first end or feed pump unit and each of
the intermediate pump units comprise a pump 100 as described in Figures 1 to 8, and
the second end or discharge pump unit comprises a pump 100” as described in Figure
10.

By such provision the pump may be particularly useful for use in pump

35 assemblies where radial discharge is desired, e.g. for use in the casing or “shell” of an



25outl et channel 140" conprises a first or substantially axial portion and
the inlet channel 130" does not conprise a first or axial portion or a
curved powDIi201/101636 I'n an alternative enbodi nent, thecper2LO0DI22oRY
conprise the second end or discharge punp unit of a nmultistage punp, i.e.
of a punp conprising nore than one punp unit. 30In an advant ageous
enbodi nent, the first end or feed punp uni® and each of the internediate
punp units cor rlse a 100 as described in Figures 1 to 8, and the
second end or®X§teg WSPYj‘g’ggEPrﬁ“ﬂ ﬁF?G’EUVrp‘f’h'?e@a'gtaﬁ“d’r‘ﬁ)thfdmpf‘a@dd@g@wm ¢fra
Figure 10. \iBuR&adé Adabheatiielpumiz 0ddiiglRigdr2 34 existing centrifugal punp
assenbly, while nq%%talnln t he |n?roved &erfornance of a nultistage

nmp Flayres 1

regenerative pu Rfingutea to 1gclherer ihghewn @ gagengrativet purnig 24ker e

i's shown a regrBR:M]toeGirflemMbodRRe GF 958tdHa atsge@offtrre%re@émm%mt of a
second aspect of the present invention. 5 In this enbodi nent, the punp 200

is a ' muPtistage 'Peliish&modimeniuihe oWMR i200nE @ pnulidegq yresenerative (RWTES

205a, 205b, 205sn7iig 205ty &F Uit Y059 105
described in Fln%l,}l\l‘ eg 1§t[) g Lrlgﬁr&eparsts ar%ﬂ%gﬁg?g%cﬂﬁbé&oﬁé‘ emgﬁ’ Sk

by
i ncr enent ed b@ps andethe pump unit 105 descripgd inHiiguresd de1Bnbife paﬁp,@@,@smptgbby like

conprises fi viguniamg, |H€rbﬁ1%nt%@@5ﬂ)@05b 205c 205d, 205e. In an
alternative embodi nent, the p 200 may conprise 2-300 punps units,

dependi ng on the t'§pehiss %{BB‘P‘?"BSFQ orih%n\ﬂugh?geao@ orcoOMREsfunfive  pump EH@its of

the pummouni t253%98p 206020H45m5805d, 205e conpri ses a casing, each conprising
a fluid passage channel 215a, 215b, 215c, 215d, 215e. 15Each of the punp units

205a, 205b, 205¢, 2058 a0 @ermatiye erbodinrpl thecrurap A9 E1ay pmprise 2-300 pumps units,
220a, 220D, 22%@3@?%82%t%@yﬂé&ﬁcdt@ﬁ@ﬁ%éyﬁmrfhe%'uﬁl\% the casing for

punping the fluid rou assa annel

215a, 215b, 215c, 21&@691%2“6 PWPNF@S@HE@GD%E%C 205d1R0Be SPRGrisassp Eosingetach

, tlet channel
gzggf |2 Zgg gzodg Zpﬁgmgfaamrbe&asza?é@@r?a%ﬁ@n z%%@%?ﬁ@gl?@g anz;qggsan outl et channe

230a, 230D, 230c, 230RCh DhierRUERIEN1S\2069, 20 BPRPHeHd206E furthes comaRiisls qiapelien

234a, 234b, 23 of
Ches, Zoahy 224p0a 20ds AR ALY (Eshlc) e e iyl LGB

240a, 240b, 246?:‘dztﬁﬁ’d'gbﬁl?eﬂ“r'%eﬁﬁéégﬁ964"37‘9&2)1“%3@@8?@0?15%215% axial portion

2443, 244b, 244C, 2444 (Rid4 tdgahl of
roakneihagsitasy tzzoﬁmggﬁ?ikﬁg éa%h &’as‘?r‘?é %éd’e'ctt\leﬂ' %Bmgﬁée% le imiétrt]a&'lagg%lh of

the inlet ch&3Aar30%3¥e, 2?@98393@8‘1 EB@H“%IRDQW%%%?‘?W@C%%|2i4§%s a second

por ti on2@32a, 232b E23Ref %Zmeeé%ﬁnaétz@,aé%@o émajoa%bé Hésg grieggel
215a, 215b, 215¢, 215d, 215e in_a plane substantially perpendi cul ar to an axis

of rotation &fSttMedighRantion 2349334mHicodd 2340 Fu %@tla”EaQﬁﬂa’@f to an axis of
rotation of the impeller 220a,220b,220¢,220d,220e. Each of the outlet channels

240a,240b,240c,240d,240e respectively comprises a first or axial portion
244a,244b,244c¢,244d,244e substantially parallel to an axis of rotation of the impeller
25 220a,220b,220¢,220d,220e
In this embodiment, each of the inlet channels 230a,230b,230c,230d,230e
respectively comprises a second portion 232a,232b,232¢,232d,232e extending from
the fluid passage channel 215a,215b,215¢,215d,215e in a plane substantially
perpendicular to an axis of rotation of the impeller 220a,220b,220¢,220d,220e. Each of
30 the outlet channels 240a,240b,240c,240d,240e respectively comprises a second
portion 242a,242b 242c,242d,242e extending from the fluid passage channel
2152,215b,215¢,215d,215¢ in a plane substantially perpendicular to an axis of rotation
of the impeller 220a,220b,220c,220d,220e.
In this embodiment, the second portion 232a,232b,232¢,232d,232e of the
35 respective inlet channel 230a,230b,230c,230d,230e extends from the fluid passage



30 the outl et channel s 240a, 240b, 240c, 240d, 240e respectively conprises a
second portion 242a, 242b, 242c, 242d, 242e extending fromthe fluid passage
channel 24b6apldi3R15c, 215d, 215e in a pl ane substanti al pgTmB2pEMdI2Al ar to
an axis of rotation of the inpeller 220a, 220b, 220c, 220d, 220e.

In this enbodi ment, the second portion 232a, 232b, 232c, 232d 232e of the
35respective inlet channel 230a, 230b, 230c: @30d 230e extends fromthe fluid
passage WO 2011/101636PCT/GBZOll/000222 35 channe

215a, 215b, 215¢2pA8q 2 éi%%ﬁth”é%h%@ﬂﬁ%nms@bﬂfsﬁtqnalsvﬁ?stﬁ%ﬂ?gﬂbntai"a?nttab tg a
conti nuous flwndndduewdaerto\ooe@étwbmrfémat AP 2393 DR 2328 282 BiMe aviifle FaKe
and the fluid pass channel 215a 15b 215c, 215d, 215e.  In this enbodi ment,
t he second de§F%ﬁ’gﬁ@ﬁeéﬁﬁﬁ225@8159@ﬂ§déh§8 of the 5 respective outl et

channel 240a, 240b, R4, am@ed.aéeqfa t%t @ét@adf;s&frért hzazélzuwzwemba&nﬁle
215a, 215D, 215c, 215d, 215e in a rection substantially tangential to a

cont i nuoRs fI’GFEFOF'Y%\RP%tC\Né@WtzﬁgaPFP%?"*%?‘(Q"@?OQZPZ%?“E&2@"2&2&:“‘2@23@3%
and the flui dcrﬁaﬁaag%&bmr@isc%@a,z?éébn23a5<a1r8ém %@Qﬁant-g]g fanp&htiaPTtodsl 2l
portion 234a, 234b, 234c, 234d, 234e and_t he second Jortion

232a, 232b, 232R0Nbinys gnlflowr besween B firsterartinnet42a7idnhac. 242d,242e and the fluid

230a, 230D, 23%3@%%&9@, 2868 24 6p SPHERHEGCAEON Wi th one another and are
connect ed respectlve by a curved portion 236a, 236b, 236¢c, 236d, 236e.

The first or axi alThSofst 8h amhaomm@%azéﬂzwczm 2348 andetheesasand portionon
242a, 243, 242323 43dp aé‘é’@zﬁd 2ehiadachng tRetidigt cHdMBREI3Da, 230b,230¢,230d,230e
240a, 240b, 240c, 240d 15 are in comruni cation W th one another and are
connect ed r esfedn FQ@W"WU%{‘ with\osg anether @ndare Lopasred rspectively, Py gecurved

| nt hi senbodi Ryont J4ehikab 986XbE8d 236

234a, 234b, 234c, 234d, 234e, 244a, 244b, 244c 244d, 244e, second

232a, 232b, 232c 237deotysk op axial pantiono24ke, 24p 440,244 2Adk @NJ BP 03ECPBH POREN
236a, 236b, 23672 30 2882242209 2 @BcK BPhediRig: AEEReRl 24 39@48%@%0 2404 240e
230a, 230b, 230c, 230d, 230e and outl et 240a, 240b, 240c, 240 annels are
subst ant? al | ya"? ubepramunlca%on with 98¢ another |agﬂdcqr¢ @Qﬂfé?thP%rQ?P@@é’eye@t a eHrved

| nanal t er nat ipsarERGL BB phdeddasiseraxi al

234a, 234b, 234c, 234d, 234e, 24434, 244b, 244c, 244d, 244e, second

25232a, 232b, 232c Inod, 23this 2424, emastimente, 242dthea2e, afieiur vedpbr t i onaxial
236a, 236b, 236343364k, 35&6234%%%%@5’22@?4% 2468 Of the inlet  cooong
230a, 230b, 230c,.230d, 230e and outl et 240a, 240b, 240c 240d, 240e channels are
subst anti al | 2338R32b, ?%%ﬂ %ﬁZdi%ZQrz&%%2%%%?4%9#4%’{24?% s @nbodi oHevRd  t tRertionr st

or axi apg 23493334861 3960, Z4B3884€. 246a,246b,246c,246d,246e  of  the  inlet
230a,230b,230c,230d,230e and outlet 240a,240b,240c,240d,240e channels are
substantially tubular, i.e., substantially circular in cross-section.

In an alternative embodiment, the first or axial
234a,234b,234¢,234d,234¢e,244a,244b,244¢,244d,244e, second
25 232a,232b,232¢,232d,232e,2422a,242b,242¢,242d,242¢, and curved portion
236a,236b,236¢,236d,236e, 246a,246b,246¢c,246d,246¢e of the inlet
230a,230b,230c,230d,230e and outlet 240a,240b,240c,240d,240e channels are
substantially non-circular in cross-section.
In this embodiment, the first or axial 234a,234b,234c,234d,234e,
30 244a,244b 244c,244d,244e, second 232a,232b,232¢,232d,232¢
242a,242b,242c,242d,242e, and curved portions 236a,236b,236¢,236d,236e
246a,246b,246¢,246d,246¢, have a diameter in the range of 1-100 mm, and typically in
the range of 5-50 mm.
Conveniently, each casing is provided with a barrier or stripper (not shown)
35 separating a fluid passage channel portion near the respective inlet channel



30 244a, 244Db, 244c, 244d, 244e, second 232a, 232b, 232c, 232d, 232e,

242a, 242b, 242c, 242d, 242e, and curved portions 236a, 236b, 236¢c, 236d, 236e,
246a, 246byD46r/@46d, 246e, have a dianeter in the range eCTiGBER0D/mM22and
typically in the range of 5-50 mm Conveni ently, each casing
is provided with a barrier or stripper (not shown) 35separating a fluid
passage channel portion near the respecti ¥ inlet channel WO

2011/ 101636PCT/ (3B2011/ 000222 36 230a, 230b, 230c, 230d, 230e froma fluid
passage chanma0aZ3Pe.280c. #30ek2308 f%@p@&‘i’ iPagsagatqhannel theRinsl near the respective

240a, 240b, 2404,1¢f@AarttP 940824688503 404 Zioen By hy(ih %’rbb@loﬁ & hybifaulé QéhrRd

bet ween high pressure and [ow pressure’ regions of each of thée pump units
205a, 205b, 205¥0vdestbetysen highrpressuse R dew REIss et negiogs ﬁéﬁg%ﬁf e AUmRP Baits i er

or stripper i%s5apRER%bERI®d208@0 between or relative to the fluid passage
channel gortlon near an 'inl et channel 230a, 230b, 230c, 230d, 230e and t he

fluid padsage charlRéis gmbediment e dimensionetihe\barrisnor sfioRainarproximately 30°
240a, 240b, 24061240 o2 48Rtive to the qund'rﬂas’%1 é"chSﬁﬂ@tﬁoYﬁorﬁrﬁQQrd'a'ﬁeﬁﬁet &%nel

di nension of the barrier or str Eboe in 10the rang

preferably 202308.236p d8eh230d, %?LOeaafw t’ﬂ@rfilé% pésﬁﬁgﬁgcmnmleqorqm f‘?%’n% r@ﬁpeat"\@ach

flui d passage, gBadHarhel 2408 24804 L pdSked, 215€. In this enbodi nent,
each of the |npefémr s 220a, 220% 220c, 220d, 220e is an inpeller 120 as

described in fi gur'é@”@'temé“\éﬂﬂ“ﬁ@'ﬁ“ﬁmr thedimgnsiemof the bairies or elipleli manbe bf

the firgp aspRetrafe tdpeso-pyent erQrabT]y's'é@cfﬂ) Oﬂcaetxyvgéh fr'\lé‘ﬂ dnRassABoidiAg kst
215a, 215b, 215c, 215d, 215e is i or m of condui t

218a, 218b, 21g0rtore @f a/egeh ﬂtavpageaae@épmﬁlaﬂ.éa A19he21pet215d,215e. | n this
enbodi ment, the CQHC{H'Eterr?ﬂ&‘?mgH@ ﬁ%? tﬁégﬂ &%ﬁfzééﬁt@éﬁﬁ}tz@h'z&% s an

non-circular in cross-section, t aspect ratioin't
range of 0. 4-impeler 1aﬁ@sﬂfpcrmrillryﬂgwe§ﬁe4aangébom reﬂat@nlto ttz@flrrst ambadirenhelft i ve

enbodi nent, tth@flﬁpmb{ofgﬂ.@ﬁvgf*%h 218c, 218d, 218e may be substantially
circular in cross-section. The punp 200 conprises a first end or

feed putd unit 20%ech®bthe fhidearsaas ahannelsi 21SaZ160 2peemp! 3dr 15ed9 Brthe form of

In this enbo Ry, i nternmedi ate punp
25uni ts ZOSbQZ%%?LI%%beZ Bg%goél\?g%élﬁ%w%méwﬁ%dtate]{e?gg‘ﬁannel 230a of the

first end or feed!pUhis embedimesta the coodwt @18a 2184180 21i8d.2d8p pis ysubstantially

non-circular in cross-section, and has a depth/height aspect ratio in the range of 0.4-
1.2, and typically in the range of 0.6-1.
20 In an alternative embodiment, the conduit 218a,218b,218¢,218d,218e may be
substantially circular in cross-section.
The pump 200 comprises a first end or feed pump unit 205a and a second end
or discharge pump unit 205e.
In this embodiment, the pump 200 further comprises three intermediate pump
25 units 205b,205¢,205d.
Conveniently, the iniet channel 230a of the first end or feed pump unit 205a is
connected to a fluid supply.
The outlet channel 240a of the first end or feed pump unit 205a is connected to
the inlet channel 230b of adjacent intermediate pump unit 205b. |
30 The outlet channel 240b of intermediate pump unit 205b is connected to the
inlet channel 230c¢ of adjacent intermediate pump unit 205c.
The outlet channel 240c of intermediate pump unit 205c is connected to the
inlet channel 230d of adjacent intermediate pump unit 205d.
The outlet channel 240d of intermediate pump unit 205d is connected to the
35 inlet channel 230e of adjacent second end or discharge pump unit 205e.



The outl et channel 240a of the first end or feed punp unit 205a is
connected to the inlet channel 230b of adjacent internediate punp unit
205b. 30TWe wutioedséchannel 240b of internedi ate punp uniPCTZRD1/®IZONNECt ed
to the inlet channel 230c of adjacent internediate punp unit 205c.

The outl et channel 240c of internedi ate purrp unit 205c is connected to the
inl et channel 230d of adjacent internedi a®é punp unit 205d.

The outl et channel 240d of internediate unit 205d is connected to the
35i nl et channel 23BNVsNIEAHY. éﬁ%ﬁf’t"%‘e@lﬂﬂﬂe'e?f%oﬁ’f e serend ene ermgisGharge Jymp

WO 2011/ 101636568265 He088223 fidid discharge@yBéaNi ently, the outlet channel
240e of the second_end or discharge punp unit 205e is connected to a fluid

di scharge system €YWeBIEMAL | y! r\Lehec(§I‘5ﬂ’i’é‘t‘>@'P'E’)nbe'c’%f)é’éﬁ’ﬁ hei thfet cifé@inel channel

230a, 230b, 2302330%32%b'é§@@295d 230 gini § a'bqﬁfﬁOUtdnﬁt GR@&NNgL  outlet  channel
5240a, 24Qb, 240c, 240d, 240e of an adj acent punp unit may be provi ded through

their reSpect£4A2r4408248Pa%#0d. W?fo?fszmgerﬁmpzsw& MEgzke proyided through their

244a, 244b, 244@sgddide 244 6xrst or Advahdiageogstiyns t he g %‘349@?@2@5 234e,
portions 234a, 234b, 234c, 234d, 234e, 244a, 244b, 244c, 244d, 244e "ot the inlet

230a, 230b, 2300448794b 2462442486t | et channel s 10 240a, 240b, 240c, 240d, 240e
of the punp units R&%ﬂtaé@&%@o% 2036, 305&iar %Oa\b%t Rhh thyzﬁ?cr?datbem&o

the axis of rotation of npel |l ers 220a, 2 20d, 220e and share a

common axis stffiAfbi24fe. W‘ﬁ‘lel‘él"het et ﬁéo%%?@ %30<:r2§pae3@mam oytled Chapsels er s

220a , 220b, 228pa 2430940224%4,240e  of the pump AUKANT Q@é‘é)wdbyzostc%w%@e ugid s
205a, 205b 205c, 205d, 205e share a common 15centrel i ne, . ellers

220a, 220b, 220%bstaptally Raealishigrtae axis ghretatianefthe impeliess 229@ 2299 2@%22 d,220e
provi sion, thghdodHaRe HohintORds g@@i’an@Q@Fpg@ﬁ’é’ 1t3@f$eeaﬂ§ Bf Fd?élfth#rtﬁéjlrﬁﬁbllers

optim se the corrpact ness of the punp 2 Advant ageous
i mpel | ers 220%2092800.220622080#20220e are connected to a drive shaft 260.

Advantageously, the pump units 205a,205b,205¢,205d,205e share a common

15 centreline, e.g., the impellers 220a,220b,220c,220d,220e share a common axis of
rotation. By such provision, the pump units 205a,205b,205¢,205d,205e are configured
to optimise the compactness of the pump 200.

Advantageously, the impellers 220a,220b,220c,220d,220e are connected to a
drive shaft 260.

20 Conveniently, the drive shaft 260 and the impellers 220a,220b,220c¢,220d,220e
share a common axis of rotation.

Typically, the diameter of the shaft 260 is in the range of 10-90% of the
diameter of an impeller hub portion 222a,222b,222¢,222d,222e. The diameter of the
shaft 260 relative to the diameter of the hub portion 222a,222b,222¢,222d,222e may be

25 selected to suit each particular application envisaged for the pump 200.

In this embodiment, the casing 210 comprises six casing units
210a,210b,210¢,210d,210e,210f.

in an alternative embodiment, the casing 210 may comprise a single casing
unit.

30 Each of the casing units 210a,210b,210c¢,210d,210e,210f comprises a first side
facing toward a feed end of the pump, and a second side facing toward a discharge
end of the pump.

The casing 210 comprises a first end or feed casing unit 210a and a second
end or discharge casing unit 210f.



20Conveniently, the drive shaft 260 and the inpellers

220a, 220b, 220c, 220d, 220e share a common axis of rotation. Typi cal |y,
t he di amewenrzoofiotdse shaft 260 is in the range of 10-90%rcfi/dHrelidiosaret er of
an inpeller hub portion 222a, 222b, 222c, 222d, 222e. The di aneter of the shaft
260 relative to the diameter of the hub portlon 222a, 222h, 222c, 222d, 222e
may be 25selected to suit each particul ar §pp||cat|on enV|saged for the
punp 200. In this enbodi nent, the casing 210 co I ses six casing
uni ts 210a, 210b, 210¢his BRpositeeNt thercasing 2R Tutthes cemmrises Bivbilermesiate caring

casing 210 maynig@Bb36c 2100, Mee casing unit. 30Each of the casing units
210a, 210b, 210c, 210d, 210e, 210f conprises a first side facing toward a feed
end of the punp, aRdhis Bkesimenti the firstpidg of domiitst #ndics feed Gasien wni210ads

punp. BN E é/“éblla HAdoamdri 86$ c@m%ﬁs‘e%tarﬁé‘ﬂerﬁfre 88 EoRAstiiEP td Helinigd 02

and a second end or_di scharge casing uni
2011/ 101836PCH2ARSIPBIR GhiheSBstend or feed capipg it 21@8rbodi ment, the casing 210

further conprises fRusedoRy Sidgws! 'tr?é ﬁ’rspéﬁi &qeé’@ bés‘?ngzﬂnqu?daoﬁ égélggly%%ﬁﬁected

In this enbodinent, the first sid first end or casing unit
210a is subst@ANA PW@SM‘M%&HG f'pstaﬁisrof aalﬁaer&mmeﬁﬁe aaﬁ"eqmntzm@ 250

connected to the 'N@éec@ﬁ@@ﬂ@@f |r§§r%d@cte Eé’s‘?ndc hﬁ|§§1ﬁf‘ig s%laﬁﬁ%nﬁé’tﬁé@% éﬁH
I's seal ably

210a. The second si de of first end casing unit
connect ed t o ‘ARQUiMENAWIR FP@rft’Stvﬁ'Q%Ofﬁﬁ’@Cﬁmr'quf@ﬂj@ecs?ﬁs'a@}la%8H@C | nt ermedi at e

casing ypit 210b. The secona-gﬂe%%@r%e%ﬁﬁcé’émdnUﬁl?ﬁf@cdlk%ﬁglaﬁlg%oﬂge&éﬁ fo ZiPb

I's seal ably connected to and in abutnent wt first si adj acent
i nt er nedi at e IBABHMENWith therst secotheide etastizrest ntermrdipte easingdini2d0dasi ng

unit 210c is seal aﬁ@@&@ﬁ'&‘@i@lé%@'lﬁt&n@&%té Bas?@é&ﬁi?ﬂod"f%tsgalragﬁ dohh eéﬁacmd

side of adjacent internediate casing unit second side o
i nt er nedi at e B &BMENLWIth thedvet side of agiagpntynteaperiate sgsing uaihd 19 abut ment vm th

the first side of B ae8Rd sBlfiMEHicAlfe EAIIGnilP1de i€ 1881ably connected to and
15 in abutment with the first side of second end or discharge casing unit 210f.

In this embodiment, the second side of the second end or discharge casing unit
210f is substantially solid and planar, and comprises an aperture 251 connected to the
outlet channel 240a of the second end or discharge casing unit 210f.

Conveniently, the pump 210 is formed by providing an impeller

20 220a,220b,220c,220d,220e  between the first side of a casing unit
210b,210c,210d,210e,210f and the second side of respectively adjacent casing unit
210a,210b,210c,210d,210e.

In this embodiment, the first side of a casing unit 210b,210c,210d,210e,210f
and the second side of a respectively adjacent casing unit 210a,210b,210c¢,210d,210e

25 are axially sealably connected by connection means such as screws or bolts (not
shown) provided within holes or recesses 219.

Advantageously, the first side of a casing unit 210b,210¢,210d,210e,210f and
the second side of a respectively adjacent casing unit 210a,210b,210c¢,210d,210e
complement one another so as to form the fluid passage channels

30 215a,215b,215¢,215d,215¢ of the corresponding pump units
205a,205b,205¢,205d,205e.

Advantageously also, the first side of a casing unit 210b,210¢,210d,210e,210f
and the second side of a respectively adjacent casing unit 210a,210b,210c,210d,210e
complement one another so as to form the second portions

35 232a,232b,232¢,232d,232e, 242a,242b,242¢,242d,242e of the inlet channels



The second side of internediate casing unit 210e is sealably connected to
and 15in abutnment with the first side of second end or discharge casing
unit 210fwo 2011/10163bn t hi s enbodi nent, the second si de ofrCrieB28m0m2end or
di scharge casing unit 210f is substantially solid and planar, and conpri ses
an aperture 251 connected to the outlet channel 240a of the second end or
di scharge casing unit 210f. Conveniently, 3%he punp 210 is forned by
providing an inpeller 20 220a, 220b, 220c, 220d, 220e between the first side
of a casing uhita.230bi330a83002AMe, andoutiebichamels R403240Md4Qq 0dA40e of the

respectively afiRp6Hingiimg\Ghitsuda, 2582034 @5@%@;@. 210d, 210e. In this
enbodi ment, the f?rst sidé?o# a casi n ud?t 210b, 210c, 210d, 210e, 210f and
t he second side oflna respgBéti vel yeraBpdi@ent casi feunit curved portions

210a, 210b, 2102?36%,1@@b,%é@@,zféiﬁé:%e?s?&iealz'wbé@@é,ﬁ&éd}fz&g““%Ft eflebY i @NNRRLAR
bolts t sh ded with

means such as screws or (not shown) provi I n holes or recesses

219. 5 /RRPa3Abad0cP30d 430 fandstoudlpldechannels c 28PHgHQnR40c,240d,240e  are
210b, 210c, 21%%&9@%%%@&%& u§9¢9§,§hd?ul,ﬁﬁacs&f1oa,zﬁ6é,9e@¢1' vel y adjacent

casing unit a, 210b, 210c, 21 210e conpl'enment one another so as to form
the fluid passage lahtRisnembodiment, the first or axial portions 234a,234b,234c,234d,234e,

30215a, 215b, 2456, ; | '
3058, 208b. 200 BrRAD e A IR FARE S@%@%@%ﬁé{%@ﬁ? e RS
casi ng unit Xh@epnels0@40a340R24Rc, 240%240ad arre wevided it ofthea easiectinitel y

adj acenygcasisgaiioh 24 gm%lp,?ez @€, 210d, 210e conpl enent one anot her so as
to formthe secgli?g p’or(tgtlgons'3 232§a, 232b, 232c, 232d, 232e,

242a, 242b, 242c, 242thexasimgomits B304, A1 @k, 2 e 119d129 0e WDf have a diameter in the range

2011/ 101636Pq%%®?gi%%?%§%ﬁ3% t%ﬁggozgé)__cs@%w , 230e and out| et

channel s 240a, _ ( correspondi ng punp unit
205a, 205b, 205¢, 205dex@sing units Bil 8 AbYu2 1asid 100124 0e2 1&fdaue tai hmight in the range of

5230n. 230h. 2305 Sa0H A noBCaafFfe BAE oA 08N %% 4ob. 240c. 2400, 2406 are
provi ded®wi t hi n t Hidvaataperusini the ibelers 122022220k, 2200820d4.8202 B¢ . dapablri of
embodi ment,  tietihd bRtkvitEe ARd/8Y cHRRlErcRRRWigS 4, 234D, 234c, 234d, 234e,

Preferably, the impellers 220a,220b,220¢,220d,220e are capable of being
rotated clockwise and counter-clockwise. By such provision the multistage pump 200
may be used in a first or normal fluid direction and in a second or reverse fluid

20 direction. This allows a user to reverse the direction in which a fluid is being pumped
as required.

In an alternative embodiment (not shown), there is described a regenerative
pump 200" according to a second embodiment of a second aspect of the present
invention. The pump 200’ is a ‘multistage’ regenerative pump of generally similar

25 design to the pump 200 of Figures 1 to 8, like parts being denoted by like numerals,
incremented by “”. However, in this embodiment, each of the plurality of pump units
205a’,205b',205¢,205d’,205¢’ is of a generally similar design to the pump unit 105’
described in Figure 9.

Each of the pump units 205a’,205b’,205¢’,205d’,205¢’ comprises a casing, each

30 comprising a fluid passage channel 215a’,215b’,215¢’,215d’,215¢".

Each of the pump units 205a’,205b’,205¢',205d’,205¢’ further comprises a
impeller 220a’,220b’,220c’,220d’,220e’ provided respectively inside the casing for
pumping the fluid through the fluid passage channel 215a’,215b’,215¢’,215d’,215¢’.

In this embodiment, each casing respectively comprises an inlet channel

35 230a',230b’,230'c,230d",230e’ and an outlet channel 240a’,240b’,240¢’,240d',240¢’.



2444, 244b, 244c, 244d, 244e of the inlet channels 230a, 230b, 230c, 230d, 230e and

out |l et channel s 240a, 240b, 240c, 240d, 240e are provided within the
casi ng unwootio@ica, 210b, 210c, 210d, 210e, 210f . Thecras2m /000222 S
210a, 210b, 210c, 210d, 210e, 210f have a dianeter in the range of 20-1,500 mm
and typically in t he range of 50-500 nm The casing units

210a, 210b, 210c, 210d, 210e 210f have a heigl{f in the range of 10-1000 mm and
typically in t he rgn e go 500 mm 15Advant age ous the inmpellers
220a, 220b, 220c, 22082 o g dalphbfRangels o%%?@u%&l % aBast 230R1/ Gespectively

counter - cl OCKMrﬁﬁisesaﬂrst or Bl rﬁ&h234at b@zub magL '2%&8 4e’ which extends from th
220a, 220b, 220&}‘) 220d, 220e are cg(sa bel ng r ot at eci3 8 V(\ScI vme)éteancasn jem the

count er - ¢l ock geaswewew%%@a @ﬂé*h 3(“56 Z(féﬂtz@ﬁawsmhﬁ"yma'l?hﬁo #raxisetl in
a first or nofdtlonf | bf diKll r @apdiRP 2Bal Fo0d’ émoﬂﬁbopﬁzéeeve%% Qhﬁgtar}tlahy g

20direction. This allows a user to reverse the 'direction in V\:hl

is bei ng5purrp%?fpa’§;d‘?%ﬁjw rfed. a plane | ncapfaiginder nthei vdluishhorHssegr  ( Abannel
shown), there2isy Qmm&ed@d pegenerati veHp 240° aggor dpprst o %Bgm@d
errbodl ment of a second gect of the present invention. The punp Is a
"nul tistage' £ @}ba?'ﬂ% RAB4es Jesractyaly semplisas QSfl@éspgnaX@ tprstigrunp
200 of Fi gur ezqdly 24}4b8244d W@Qﬁi@ RHidhg ?Qrotiw Hekeﬂuﬂﬁnﬁas'%?e channel

i ncrenented b Howe t hi s enbodi nmen each of t al Ity o
pump units 20582 %@021%3&5" ?@% subgigptially S’a'@f'e'aogelﬁétsaﬂflfqﬁatmmd'fltm matwegn

to the ponp upidy iﬂfb 2%??@@9@0«% rénﬁlog‘é[lﬁstgnhally per, endlcular to %ﬁ%g n{aﬂﬁn

units 205a' 205b , I"EDI’I ses a C g, eac conpri SI g a
fluid passaget Eﬁaﬁr%‘ﬁs@PS‘é"anQﬂ_%5a @ﬂ@b 1§§5’21|5d2%‘l€5@’ Each of the
punp units 205a’ ta@89%s! 29@ eunifUr o el

220a’ , 220b' , 220c" | Ay %220ey W pdfelnts e%({sﬁve@%dégésofﬁggggagbng or

punpi ng the FGQTAMBON FRTBIRME. e, Bumaelﬁ%?,a@aa 2@%@;2@1: 220d’,220e’ share a common
215a', 215b’ 3 , |
a’ , 23&Eof, igrign. %%%ch &néu&\ %@B’g@%‘dﬁﬁg 583?@3)58%% Gefd%%c%#e"e y

corrprl ses an inl et channel ah out
channel 1240a’ copligiyed M@é'm'ﬂm@ COM@@*‘HGSS ofthe@parp 20Q'636PCT/ GB2011/ 000222 40

Each of the inlet (ﬁhag,q\el ,g(;)bqﬂemzsq e 2&% t%ﬁOdBetgéggdfd{hgsp%%l \\I/\ﬂ{ Hel

conprises a first or axia ortlon 234a'
ext ends from439&’.230k. %BOpCa jé3Qehanefel 2215Mp2180it | 28’ aR15dutje?15ehannel

substanti al | r (3} f i t [
Soa D500 gz;gg ﬁggg%mcz%ug 9“5?3 /cgrarf %\9 F%F Bt iREMRN through their

5per pendl cul aﬁwbﬁanecont ai nififgyt hef | ui dpaissagechanneél!XIal portions
20 234a',234b',234¢’,234d',234e’,244a’,244b’,244¢’ 244d’,244¢e’. In such embodiment, the

first or axial portions 234a’,234b’,234¢’,234d’,234e’,244a’, 2440’ 244¢' 244d’ ,244¢’ are
provided at an angle relative to the axis of rotation of the impellers
220a’,220b’,220c¢’,220d’,220e’.
In an alternative embodiment, the connection between the inlet channel
25 230a',2300,230'c,230d',230e’ of a pump wunit and an outlet channel
240a’,240b',240c',240d,240e’ of an adjacent pump unit is provided through a
connection portion connecting the first or axial portion 234a’,234b’,234c’,234d’,234¢’ of
an inlet channel 230a’,230b’,230'c,230d’,230e’ of a pump unit and an the first or axial
portion 244a’,244b',244¢',244d’,244¢e’ outlet channel 240a’,240b’,240¢’,240d’,240¢’ of
30 an adjacent pump unit. The connecting portions may be curved, or alternatively may
extend at an angle relative to the axis of rotation of the impellers
220a',220b',220c’,220d',220¢e".
Referring to Figures 14a and 14b there is shown an Artificial Lift System (ALS)
300 according to a first embodiment of a fifth aspect of the present invention
35 comprising a multistage regenerative pump 400.



215a', 215b', 215c' , 215d' , 215e'. Each of the outl et channels

240a' , 240b' , 240c' , 240d' , 240e' respectively conprises a first or axial

porti on 2X0a0112W4d36, 244c' , 244d' , 244e' whi ch ext ends fromcrheB2biwiock2passage
channel 215a', 215b', 215c', 215d', 215e' substantially parallel to an axis of
rotation of the inpeller 10 220a', 220b', 220c', 220d', 220e' and/ or
substantial ly perpendicular to a plane cofdfaining the fluid passage channel
215a', 215b' , 215c' , 215d', 215e" . ' Advant ageously, the punp units

205a' , 205b' , 205¢c' , Dseumpd8@ compesas aPwBARER aceatgingite e firat gmbodiment of the

i mpel | ers 220gecoRd Oksped2BF the? 3MEntidr Ofike PHAL e YSARBA M) Sik€f nurdrais! ®t BY
such provision, the Surrp units 285'a", 205%‘ ,205c'g,C205d' ,%Sel' a? é‘%r '
15confi gured $4PPBFatEERY 2F@ conmpact ness of the punp 200' . In an
enbodi ment, the CO?;E%H QRe BRFVEAM {3fn BOGELR Electrical Submersiple P

230a' , 230b', 230’ c, Od'_i,l'ZSQe'_ Iof a_p)%rrp un(?at and an outclngat] C énnerqse'Fe ump
240a' , 240b' , 2(RRP) 33 ferinsentipe intgfanza walijosdewbhgdeinp unit is provided through
their respective ft 19 "the¥i 86t drRBS by 2 i

234a’ , 234b' , 234c’ i 2234%9'?’%242' SR ,"23’2%95 Frarough zrnive shatt 330,

enbodi nent, the f i The mgtor 320 is elpgt,ripauyrgperated, and connected to a power supply such
2342’ , 234b" , 2386}2B45bwe? iy R By SARECIBIAL: cl@lfch A gE at
an angle relative toAI%he ax?gy(?)(f rotog\??or){ %)?L t?‘l'en%i npaerfslz’leg?@ elétiical? megdgp
220a' , 220b' , 268kes; 220d' , 220e' . In an alternative enbodi nent, the connection
bet ween1phe inl et phapaplia @p 308300 AdH GitRRO caging B4qOf i t
and an outl et channel 2‘40‘3' , 23%3%2%10%?" bpzrﬁ\f?)d&j g"ﬁfé@ QSFZ@Q%;& aE'Zen?H%PLﬁrlﬁg]
unit is proviRieddehyishgisueply peiee BP0 forgdewingm downheletfividgnsitethe casing@dO0axi al
portion 234a', 234brh234ficialdtSstean o ©f [ NElari -

230a’ , 230b' , 230’ ¢, 2500 , 230¢€ st B0 18 i Hfpe8 A Rlering anglor strairing
portion 244a' Mean360fquremoning @t leagusomepartiatate mattees from the fluid to be pumped.
240a' , 240b' , 240c’ ilv. 2AOR%id P hagent atnpa1 j C i ng
portions_may be cu-lr%ée ,y’or gll"geé Rgéﬁg\r}@ﬁg%g}é@ﬁ%}t%ﬁ uail'llf[;]lfr(lj séJﬁgI%g ar@)?%ﬁﬁ%fe to
t he axi 450of riideidonil 6f nathial 9agpel | ers 220a' , 220b' , 220c' , 220d' , 220e' .

Referring to Fi gurgs: - N i fici. i em
(ALS) 300 accordin {%ﬁ%t@&?%ﬁ%‘%ﬁfﬁ%n@@%&%?l?lteﬁﬁgésr@eaﬂ'ﬂ’gltbi%gechﬁ%ipent
i nventi on 35cH1A05314AH0.409AAQ5d408gds indhe ramgatof ¥« 0puans kpioally inthe range of 1-
2011/ 101636PGH GB2011/ 000222 41 The punp 400 conprises a punp 200
according to the first enbodi nent of the second aspect of the invention,

| i ke parts being denisaldd the inorerentaingaialis fluidupressys |peoridedebly legch 2OAYP. unit
Typi cal by, t I4hkd ka4 i )b ¢ a i

Stbrer sthi e s 0paBcardose Y H BB e GEABEOS B nCliBERl e cange, o
Typical |y, tH- L4d@nitke pumi A0 isyuseddenpm@mooit hr ough a drive shaft 330.
The motor 320 is ' r -

sUch s surf ace. ol i dper e raiithal SRELY HIERiE 200 isTy B hge PRl

el ectrical wi45.089 rom, aablypisallylio Theeramge iof 8,60@4+20,000trpely st em 300 i s provi ded

21 owi ng, 5 dowohol €T o L 199 BE SR nbuf PLY plRl doBfHor I hde
syst em 890 i durbinet prgine @Grpgind tai ahfist embedimenhiedl/ o sixth raspedtngf theapese®o
for renmoving Rlentisiast sonme particulate matters fromthe fluid to be punped.
Advantageously, the pump 500 comprises a pump 200 according to first
embodiment of the second aspect of the invention, like parts being denoted by like
numerals, but supplemented by ‘300'.
30 Preferably, the pump 500 comprises a feeding section 501 for pumping oil from
an oil reservoir to the gas turbine engine.
In this embodiment, the feeding section 501 comprises 2 pump units
505d,505¢.
Preferably, the pump 500 further comprises a scavenging section 502 for
35 pumping oil from the gas turbine engine to an oil reservoir.



Typically, the fluid to be punped conprises a natural fluid such as a
fossil fuel 15fluid, e.g. oil or natural gas. Typically, the
pressure woelw@iide between an outlet of and an inlet ofcesmH2pUIM22N t
405a, 405b, 405c, 405d, 405e is in the range of 1-100, and typically in the
range of 1- 10. Typically, the incremental gain in fluid
pressure provided by each punp unit 2040542405b, 405c, 405d, 405e is in the
range of 20-200 pSI and typlcall¥ in the range of 50-100 psi, when the
punp 200 is used fBrthisugpAGMsNE. . the scavengigsgaliary 502 HEOTIELRLS \PHMP Units
rotational spﬁggfﬁgbgbgbpunp 200 is in the range of 500- 25,000 rpm and
typically in the ran 000- 20, 000 rpm Referring to Flgures

15a and 15b there! Psﬂwcﬁmp‘)&ﬂ“%ﬂtl t%n“ﬁifm PHPugRy a8t 59QRaRH05E, 9BARgi He the

accordi ng to gafddgig ?éé?i@ﬁ"s'@iﬁﬂé Péatér fHakithe FBRBEE oPBuhB%rﬂE%@H%OBé‘Y@Mé on.
Advant ageouslty?qﬂt he "punp conprises a punp 200 according to firs

enbodi neAt offe @95@6'@ﬁéohspect of the invention, |ike parts being denot ed
by like nunerals, jRyh aﬁem{.@é@mbsamem t@&mbe?‘%ﬁ’?@#nsr@héso?s BESP405R itk

conprises a feeding section roman oll reservoir to
the gas tur bis¢@venggigneection 502 maylhe *eﬁs thagrthe aHmbat of pumep feitsdPlhg. 50Setin dre 501

conprises 2 pugfing'Sédtien389d. S05e. Pr ef er abl y, the punp 500
further conprises”a scavenging section 502 for 35punping oil fromthe gas

turbi ne engi ne t o Adyasliageousie B Gutlet 54Qpodihe BraEreBERETIAR3QRs conteEe B

In thisqgnbo ngiyn
5054, |50%% eo GHItEIPHJeané ot §ﬁc§Wrﬁ gbsg% %E@g:sﬁg%rﬁ%?tpﬁg%{h%%l t;%r@;&l}'gn%ﬁé%écﬁmto

505a, 505b, 5056"—‘ thqshélogcavengl ng section 502 is greater than the nunber of
pump units 505d, 5086\ kRehtl the feeding section 501 and scavenging section 502 are

connected to and/or driven by a common shaft 560.
in this embodiment, the pump 500 is operated clockwise as viewed on Figure
15 15a.
In an alternative embodiment, the pump 500 may be operated clockwise and/or
counterclockwise depending on operating requirements.

Referring to Figures 16a, 16b and 16¢c there is shown an wind turbine 600
20 comprising a gearbox oil pump 700 according to a first embodiment of a seventh
aspect of the present invention.
Referring to Figure 16a, the wind turbine 600 comprises a tower 610 supporting
a nacelle 620.
The wind turbine 600 comprises a plurality of blades 630 extending
25 substantially radially from an end portion of the nacelle 620.
The blades 630 are mounted on an end portion of a low speed shaft 640 which
is connected at an opposite end to a gear box 650.
The gear box 650 is connected to a high speed generator shaft 660 which in
turns drives a generator 670.
30 Typically, the gear box 650 is continuously lubricated by a gearbox lubrication
system (not shown).
Conventionally, the gearbox lubrication system is located within the nacelle 620
of the wind turbine 600.
Referring to Figures 16b and 16c¢, the gearbox lubrication system comprises a
35 lubrication pump 700.



5f eedi ng section 501 In an alternative enbodi nent, the nunber of
punp units 505a, 505b, 505¢c in the scavengi ng section 502 may be | ess than

t he nunbewoabiipungeuni ts 505d, 505e in the feedi ng secti @oTAEXR2011/000222
Advant ageously, an outlet 540c of the scavenging section 502 is connected
to a 10filter means (not shown), e.g. an air/oil separator, prior to the
oi | being discharged into the oil reservo#8. Conveniently, the
feedi ng section 501 and scavengi ng section 502 are connected to and/ or
driven by a commonlheHarical@opump 78®|icgméﬁ$ﬁ$cﬁ P 20Q Aeconding taiet ersbesiyaent: ed

cl ockwi se_as qigaed. Ny fsiggé{rd? tfréoiwﬁ/@ntion, ke Parté Beid o%'nBﬁE)lC iEEnURRRad! BRI .

the punp 500 may be operated c W se and/ or couhterc W se dependi hg on
oper at i ng r ecfyiPplementes.by ‘500" Referring to Figures 16a, 16b and 16¢c

there is shown an gy ' iS4 ' :
according to a fi r%ﬁga C)Hfg n@ﬁ?&ggo ?@B@%ﬁ’tf’eg‘gﬁﬁétg&%?‘ %ef&;)éuen;weﬁ%)o'?ﬂgm
i nventioh.  an oil resgudietorthergearborlugticaiondastemhe wi nd t ur bi ne 600 conpri ses

a tower 610 suppori ) . - HF‘?[: Lod,t urbi ne 600
conprises a plur allbtgﬂsoferﬁl}foggt%rﬁ&%@ fﬂeg‘ﬂ%i ?l%c“%sa%gt%nt |r}§%€y2rgud'ﬁgl ﬁ?/'éf rom
an end porti ofP58f706te nacel | e 620. The bl ades 630 are nounted on an

end portion of 2. MuteRR 4ys Tllp S4B HRHENchRPRANNE Y8l ing'SpARACRS forond

to a gear box 650. I'stconnecte I spee
gener at or shafumpg&Doilfrdne thej gasttunbing engingds an ofjegserveiror 670. 30Typically, the

ear boxn650 is cqpti I rb I j . i20 S
?not shgevn) . | L ng}gﬁﬁ@ga’ Itb?a%ﬁ%ge@éﬁggg&lnuz% ccgﬁpl(r)'%&tsl)?sggn%si Er‘ﬁt@
| ocat ed wit hif®58@5n@0%d.| e 620 of the wi nd turbine 600.

Eegglr Libpgcgfi gkggﬂﬁ;@g%@%&e@ﬁ; the R DX plithBr LR | RIBaS68b 9BBE APIHeS €S
scavenging section 702 is greater than the number of pump units 705d,705e in the
feeding section 701.

15 In an alternative embodiment, the number of pump units 705a,705b,705¢ in the
scavenging section 702 may be less than the number of pump units 705d,705e in the
feeding section 701.
Advantageously, an outlet 740c of the scavenging section 702 is connected to a
filter means (not shown), e.g. an air/oil separator, prior to the oil being discharged into
20 the oil reservoir.
Conveniently, the feeding section 701 and scavenging section 702 are
connected to and/or driven by a common shaft 760.
In this embodiment, the pump 700 is operated clockwise as viewed on Figure
15b.
25 In an alternative embodiment, the pump 700 may be operated clockwise and/or
counterclockwise depending on operating requirements.



WO 2011/ 101636PCT/ GB2011/ 000222 43 The | ubrication punp 700
conprises a punp 200 according to first enbodi nent of the second aspect of
t he i nverwoanii/ioidée parts bei ng denoted by |i ke nuneral eCcTHR205UPPi2TENt €d

by ' 500'. Preferably, the punp 700 conprises a feeding section
701 for punping oil from5an oil reservoir to the gearbox |ubrication
system In this enbodi ment, the fe#ding section 701 conprises 2 punp
uni ts 705d, 705e. Preferably, the punp 700 further conprises a

scavengi ng section 702 for punping oil fromthe gas turbine engine to an
oi | reservoi CLAMMBh this enbodi nent, the scavengi ng section 702 conprises 3
punp units 705a, 705b, 705c. In this enbodi nent, the nunber of punp

units 705a, 705b, 705c in the scavenging section 702 is eat éthan ttht%
number of puﬁp unﬁ@gewaﬂww AOTRESIPG &ck ¥y BuBl s, ot 5PH €

alternative % g{,mpt lh}ﬁts%dﬁb&fsnr@f a Ri8iRg Wt ﬁ@sﬁ\gS@oﬂ&@mg?@&mld paséage
scavengi ng sectlon 7 | ess than the nunmber 705d, 70

in the feedi ﬁba@‘@éﬁ'@r\aﬁwt 0“9 impeller pr°")ﬂf\9’dﬁ?'§%§?ﬁj%‘?swgp%rn Q}lﬂqgeffs’r ?H@B'hgf
the scavengi pee MAGIHAYhARL 1118 passHy_ThEAndIO a filter rreans (not shovvn) e.g.

an air/oil separator, prior to the oil beln di schar éa g ‘ﬁ ]
reservoir. whergie Hieeseing QFPHBS'F%QHF‘H@S%@H%SW 'eéﬁ eLa gt ﬁ@st
section 702 ane o%ﬂa%hﬁél ih QomRfhatih | wwﬁ ﬁhé)ﬂula p%@%@énct&haélt thEG&. ledst dhlal s
enbodi ment, the punp I's operated clockw se as viewed on Fi

25I'n an al t eielt ‘?*\P@n@nmfn*ﬁﬂtat leard apgnRytiebehanag! Bach FPRISIE @gfgﬁtk% §’88'

and/ or gount N e fR bR Ibalantialysarkiiel BN ESs of rd@tion of the
2011/ 10%36;%%? ’G%%!gf% g%igg%g e y
east one Impelier

2. A pump according to claim 1, wherein each of the plurality of pump units

comprises a casing or housing comprising a fluid passage channel; and at least one

15 impeller provided inside the casing or housing for pumping the fluid through the fluid
passage channel,

wherein the casing or housing comprises at least one inlet channel and at least

one outlet channe! in communication with the fluid passage channel, the at least one

inlet channel and/or the at least one outlet channel each comprising a first or axial

20 portion at least partially and preferably substantially parallel to an axis of rotation of the

at least one impeller.

3. A pump according to any preceding claim, wherein the first or axial portions of
at least the outlet channel of the first end or feed pump unit, at least the inlet channel of

25 the second end or discharge pump unit, and optionally both the inlet channel and the
outlet channel of each of one or more intermediate pump units, are at least partially
aligned and are substantially parallel to the axis of rotation of the impellers andfor
share a common axis substantially parallel to the axis of rotation of the impellers.

30 4. A pump according to any preceding claim, wherein the first or axial portions of
the inlet and outlet channels of each of the plurality of pump units are aligned at least
partially and substantially parallel to the axis of rotation of the impellers and/or share a
common axis substantially parallel to the axis of rotation of the impellers.



44 CLAIMS: 1. A regenerative punp conprising a plurality of punp units, at
| east one of the plurality of punp units conprising a casing or housing
conpri si yoaofllwiaeépassage 5channel ; and at | east one i rpeldBenipoozzeded

i nside the casing or housing for punping the fluid through the fluid
passage channel , wherein the casiq&sor housi ng conprises at |east
one inlet channel and at |east one outlet channel in comunication with the

fluid passage channel , the | east o e a : st
one outl et channe 83@8 %%;ﬁ%ﬁq%?%gan& é}lg?és({ﬁkote)ﬁdagﬁi % 3&%’33’?‘% %E)rgé%? %aLni?é
partial |y andhanred eanalur ythe Wb Seaatt orad bytigdastahhel ist perpphecakits thé fiuisk pass@geof
the at | east

Rne i ”tﬁr' S.2. A}R‘FUEP according to claim1, wherein each of
the plurality 6‘?”%5&%% f 8 'E%% ClY a casi ng or housing conprising a
fluid passage channel; and at |east one 15inpeller provided inside the
casing or hoysing for punping the fluid through th . Ui e el,
wherei n The &asind' (B’Pmﬁo%‘ls)cio@%é?rﬁﬁys%rgcﬁ g & QP Xﬁ‘gt‘?'%tg %ﬁgﬁe 'Fegnl at

| east one outchahnet hadnethd at leastomnei malei channet dcomprset lausedopdipsdige exteadingl |,
the at |east ,one, in|et channel and/or the |.east_,on o each
conpr 1 si ng. a o e T Assape Stast Poeiape phkert T arp PR GbyRBRRR

subst anti al | ypepsindicurat tot an axis ebrbtation of taeampelier.of the at | east one inpeller.
3. A punp according to any preceding claim wherein the first or axial
portions of at |east the outlet channel of the first end or feed punp unit,
at | eastpthe 7. nl eta pliramaedordifg &bclaires, seeid tiemskaond gogiohaxtpadp from thefluid and
optionally both the inl

t. ch | dth tl har .
mor e 1t ef modeaRseeianGln cxdreaten B0 paste ipuBh 2P S kg A theip 888 ©
subst anti al | yneain@eliel, dna/dr h&h??hstmf sefcimhlat bmfic;nr)]fextelm_dsifrqmltherf?u_ichrpds?geh
h t ant r el.. e axis of . e
Trpel | or . 309agh g ciscbitp iy anyBlh rgpaiald ool s (il P et ko,

or axial portdegied Sdrtibrngnd the lidaadsage drahnethannel s of each of the plurality
of punp units are aligned at |east partially and substantially parallel to

the axi $20of rotation of the i npel l ers and/ or share a conmobn axi s _
subst anti al | y8 par @ pahp aecdrbifg ax cairv®, waerin tha setorichgortiorpisl dubstantiallyadial
2011/ 101636PCT/ (B2011/ 000222 45 5 ﬁ BYIR accor di 9 to any preceding claim
wherein the delafiyetorangs of sptation of the at'least oné impellier.

9. A pump according to any of claims 6 to 8, wherein the first or axial portion and
20 the second portion of the at least one inlet and/or outlet channel are in communication

with one another and/or are connected by at least one curved portion.

10. A pump according to any preceding claim, wherein the casing or housing is
provided with a barrier or stripper separating a fluid passage channel portion near the
25 at least one inlet channel from a fiuid passage channel portion near the at least one

outlet channel.

11. A pump according to any preceding claim, wherein at least one and preferably
each of the plurality of pump units is axially sealably connectable to at least one

30 adjacent pump unit.

12. A pump according to any preceding claim, wherein the plurality of pump units is

arranged in series.



channel and/or the at |east one outlet channel is peripheral to the fluid
passage channel and/or the casing or housing. 56.A punp according to any
pr ecedi ngwol2aimmoiesher ei n the at | east one inlet channel pam@Boiitdoe22at | east
one outlet channel conprises a second portion extending fromthe fluid
passage channel in a plane at least partially and preferably substantially
perpendi cular to an axis of rotation of t H8 i npel ler. 107. A punp accordi ng
to claim®6, rein the second portion extends fromthe fluid passage
channel in aWE?r ec ipé‘H‘Pn%ﬁ°°EE{‘égsi%n@f‘Vtﬂ>fF6%f§W9 g'ﬁ'"h)&"%erﬂf‘ 260 RUMBrHNr compsises

| east one i npehd imtet chRartheDand RS &itiet EHiangiecond portion extends fromthe
fluid passage channel in a direction substantially tangential to a
continuous fluid fl ow between the second portion and the fluid passage
channel. 15 8. A ApUmESRDrdhdD &y §He_aedrm§clamewrﬁéreintth@ pREARNE: Pahp iuAls | S
subst ant |5aIIy radial relative to an axis of rotation of the at |east one
impel | er > 9. SA"WIRTS 24K 5Pd O fper pumRMNirand| a-gecend epq oBdisGhaEgepYmB Halt f i r st
or axial portion and 20t he second portion of the at |east one inlet and/or
out | et channe]h%are in communjcation with one another and/or are connected

by at |east oht cuMPEIPLRCPIHNK. to Aty PraceslipghClam ovhareig the Phwrlity plopsap Hgits

cl ai m wher ei farthéeconqBise@gord oMaLrel iMtgrr&dife Puineityi th a barrier or stripper
separating a fluid passage channel portion near the 25at |east one inlet

channel froma fluid passage channel portion near the at |east one outlet

channel 10 16.1. A pRHHpPacecitgtiondain01 5 Whepsif ¢l intd Bhandlof WASH Ridimatiateeast
one and preferabl t he Elurallt units is axially seal ably

X .gach of y of Eurrp‘ /
connect abl e t /MR UNbisGonperiedstodne Qutatchanngh oLtk first epghor feed pump unit or to the

2011/ 101636P@utleBithheBIBA 2djadbnt iAtdrmadidtE PRmPGHRAr di ng to any precedi ng
claim wherein each punp unit conprises one inlet channel and one outl et

channel. 14. A punp according to any preceding claim wherein the

plurality of 1N APUIND deesrdRGits @i 16i WhdreRNHe QUtECQPAnR4I R eHEH intédEdidte
second d or_di schErge A punp according to any precedi ng

u unit. 15.
claim Wher ei MHEN 13Lﬁ°3F?‘iq$d i theinigt ehanpel of the srgone aIvgrar stisshaige RyMPwtite

i ntermedi at e g@uoThelinlet éhannel of an adjacent intermediate pump unit.

18. A pump according to any of claims 15 to 17, wherein at least the outlet channel
of the first end or feed pump unit, at least the inlet channel of the second end or

20 discharge pump unit, and optionally both the inlet channel and the outlet channel of
each intermediate pump unit, comprise a first or axial portion substantially parallel to an
axis of rotation of the at least one impeller.

19. A pump according to claim 18, wherein the inlet channel of the first end or feed

25 pump unit and/or the outlet channel of the second end or discharge pump unit
comprises a first or axial portion substantially parallel to an axis of rotation of the at
least one impeller.

20. A pump according to claim 18, wherein the inlet channel! of the first end or feed

30 pump unit and/or the outlet channel of the second end or discharge pump unit extends
from the fluid passage channel in a plane at least partially and preferably substantially
perpendicular to an axis of rotation of the impeller.



1016. A punp according to claim 15, wherein the inlet channel of each
internmediate punp unit is connected to the outlet channel of the first end
or feed pwopounioié3ér to the outl et channel of an adj aceRCTiGR2erwmeoizat e punp
unit. 17. A punp according to claim15, wherein the outlet channel of each
intermedi ate 15punp unit is connected to %ﬁe inl et channel of the second
end or discharge punp unit or to the inlet' channel of an adjacent

internediate punp unit. 18. A, punp _accordj aof . cl al - ,
wher ei n at I@gst MW?F%d‘B%é‘ﬁﬁgY °€?‘a\"ﬁe]@&‘r 2‘? ‘@%a'grth%ecgﬁd{%cﬂér%bﬁﬁfe% Z at
| east the inlggtinghamarlel of atdiens anprddemdodtiet cBnrdil ©¢ laar ajaqentrpuogi unit iand
optionally both the inlet channe{, at?d thegﬁ)ut .et channel of each

i nt er medi at e PRWASIRICUID tSF5pTRESHVE BT U@ PARPYS portion substantially

parallel to an axis of rotation of the at |east one inpeller. 19. A punp
according to claim 18, wherein the inlet channel of the first feed
25 punp Uni t 28nd/ SYPUTPRACH T toc?ﬂi'rﬁfg?edﬁﬂg ‘:;:]ﬂ@' %Vé‘ébeHh{hSrP&“%W&f §%’}ﬂg‘rﬁé%§ %urrp
unit conpri SQ;%nﬁq]uf’éd BthaQk adoshdhorPedritrielime suthlbatnbé mhpeylersart thd mlrality alipuapi s
of rotation of the at | east one ir{a% |ler. 20. A punp according to claim

18, wherei n t4fits phAre @ COMMATEAXIS? °%irst end or feed 30 punp unit and/or
the outl et channel of the second end or discharge punp unit extends from

the fluid passage channel in a plane at |east parti.ally. an ref.e

subst ant i al | Y3per [feFPl‘dT‘BGF%Pr’d‘P%"‘gﬁnthieQe%’Pg aa%tW%ﬁe'th%W e'peq(?lt'g’{ &B}%
2011/ 104§ 36 PGF /oB@0nits PO 28rnette Lo Anddsi§hane @Cdotimen bgis afyotafiore With rsdriv@ t o
20, wherein the connection between an inlet channel of a punp unit and an
outl et channéhalf an adj acent punp unit is provided through their
respective first or axial portions. 522. A punp according to any preceding
claim wherein the plurality of pu units js configyred to have 0 n
centreline s t HaPumpacEaries te ARY precefiag ﬁ'aﬂ?'aW'i‘?rﬁ'%%e pUMB ﬁ?ﬁ?&”&g‘%ﬁ%{’mé‘)a
comon axi s Qﬁreé%ﬁ&rie@fbumpg%nits‘?\ punp according to any preceding claim
wherein the inpellers of the plurality 10of punp units are connected to
and/ or $hare a common axis of rotation with a drive shaft. 24. A punp
according to @y N eaRdl fdofdiy B akf @F&dedingh@aifi) FhetinTthe Sasing vepnisehiraee

hundred punps units. )
plurality of casing units.

26. A pump according to claim 25, wherein each of the plurality of casing units
20 comprises a first side facing toward a feed end of the pump, and a second side or

axially partitioned casing facing toward a discharge end of the pump.

27. A pump according to any of claims 25 to 26, wherein the plurality of casing units
comprises a first end or feed casing unit and a second end or discharge casing unit.

25
28. A pump according to any of claims 25 to 27, wherein the piurality of casing units
further comprises at least one intermediate casing unit.
29. A pump according to claim 28, wherein the first side of the at least one
30 intermediate casing unit is connected to the second side of the first end or feed casing

unit or to the second side of an adjacent intermediate casing unit.

30. A pump according to claim 28, wherein the second side of the at least one
intermediate casing unit is connected to the first side of the second end or discharge

35 casing unit or to the first side of an adjacent intermediate casing unit.



15 25. A punp according to any preceding claim wherein the casing
conprises a plurality of casing units. 26. A punp according to claim 25,
wher ei n esohonfiotdse plurality of casing units 20conpri sesTaH22TIZOR2de
facing toward a feed end of the punp, and a second side or axially
partitioned casing facing toward a di scharﬁgaﬁ end of the punp. 27. A punp
according to any of clainms 25 to 26, wher the plurality of casing units
conprises a first end or feed casing unit and a second end or discharge
casing unit. 25 28. A punp according to any of clains 25 to 27, wherei n
the plurality36f cAspungp actotding tor dmesf GaimMBrasses3aivhefsas theoftst didd of BReL;

casing unit. ording, t aim . rein the first S|deo
the at | east §ﬁ'te'396 %?%%C@Y 8?@eg%?§’iqﬂ&elﬁﬁ°9”$§'dﬁGE%E?@GP"{‘Gai’%“@écond si de
of the first end or feed casing unit or to the second side of an adjacent

i nternedigat e gasi ng

30. A.p [ to claim?28, wherein
the second sig& of tp:g:;m P3cePiting o any ‘M@ﬁﬁgg? ?g F"l’?ga PHITR Uni isciormee Prd
to the first anodndlrgfattlmt:seemndelbn(tbetWeedltBGlﬁwt@ﬁ*leiﬁf(ha@é% Wl AncPhel Qcbh@
first side of ?%gg%ﬁézg inter ITEdI ate casing unit. WO
2011/ 101636PCY. Niepaira:: SN punp according to any of clains 25 to
30, wherein the flrst side of a casing unit is axially sealably connected
to the second §| deA % qacﬁ; cent casi unp according to any

n
of clains 25 13 31" B B R S 2P g B g e s 4 & pesiag
one i npdDl er mtaouiemetsleeorid sigé o bl adjatert oaamgrtmnwampleamﬁbheaﬁsmen% a5 ¢e of
an adj acent cta§ nlt Q%qp gccor g to any of clains 25 to 32,
wherein the fi rrgt 5 lﬁ%pﬁsageg ”r‘?ggflt BIRPTeSRR d'Pﬂ@“%‘Bé‘@ﬁd si de of an
adj acent casing unit conpl enent one anot her so as to formthe fluid passage

channel of thg, cor ond n
73 A p accor(ill r1% to any of clalms 25 to 33, wherein the first side of a casing

unit and the second side of an adjacent casing unit complement one another so as to
15 form the second portion of the at least one inlet and/or outlet channel of the
corresponding pump unit.

35. A pump according to any of claims 25 to 34, wherein the first side of a casing
unit and the second side of an adjacent casing unit complement one another so as to

20 further form the curved portion of the at least one inlet and/or outlet channel of the
corresponding pump unit.

36. A pump according to any of claims 25 to 34, wherein the curved portion of the
at least one inlet and/or outlet channel of the corresponding pump unit is provided
25 within at least one of the adjacent casing units.

37. A pump according to any of claims 25 to 36, wherein the first or axial portion of
the at least one inlet and/or outlet channel of the corresponding pump unit is provided
within at least one of the adjacent casing units.

30
38. A pump according to any preceding claim, wherein the at least one impeller is
capable of being rotated clockwise and counter-clockwise.



34. A punp according to any of clainms 25 to 33, wherein the first side of a
casing unit and the second side of an adjacent casing unit conpl enent one
anot her swoasittwiesf orm t he second portion of the at | east/gBreivabrat and/ or
outl et channel of the corresponding punp unit. 35. A punp according to any
of claims 25 to 34, wherein the first sid‘le9 of a casing unit and the second
side of an adjacent casing unit conpl enent” one another so as to 20further

formthe curved portion of the at |east one inlet ol OHt | chan of
the correspordi ng ApBH’b‘pu?ﬁcPfJ']”g fo 38Y PReSSIMS g@%r‘ﬁﬁ%}g{nt E)heaﬁi/esgtﬁrecrllf% %s‘?'kZS
to 34, wher eipatided shusutietareodr inhofodach v thatat lemasbneopiamp mhibts imthay rangeoft 1-et
channel of the cor,resh)long‘i n'% geun?:) It is provided 25within at |east one of
the adj acent 109s9Rtignallyiip &ne rag .ON’E mp according to any of claims 25 to 36,
wherein the first or axial portion of the at |east one inlet and/or outlet

channel of the correspondjng pu uni.t is provided wthip a of
the adj atent 4asi ﬁgreQEP?’gt.'V%Pm‘gg‘?mwm 'g%sg(S’PﬁipHa’pt%mta ¥ %rlé%ggb%guﬁf)ai m
wher ei n tlhe %hit'c@ﬁ@?isiﬂ@% damel dra{ouhmg;mmhhse?@fﬂmbagsagetmaenbmmmss and
counter-clockwi se. WO 2011/ 101636PCT/ GB2011/ 000222 49. J op.di ng
to any prece®RdmMepURT A @F'aeﬁﬂ%cﬁ?@%%%@“?rﬂ% °rrpé‘t"|'p6'%ﬁg§m@£%é§&®u{h?et
and an inlet pfd RRshgeothdnhgl, at | east one punp unit is in the range of 1-
100, optionally in the range of 1-10. 540. A regeneratiVv riskig at
| east one punp uni"th,e’?‘ﬂéhea‘?asfr@a‘ggh"liﬂﬂg ﬁﬁ%"?ﬁiﬁq?%%ﬁrﬁﬁ‘% g‘?eﬁ%ng%eigﬁér‘:S{ %?&
housi ng1gonpPrgngi dilleBckdnnecin RRRMATRCatibaWItR the 8uid mEissagmeharnrk therptelebgrone

Pl 3Ygdﬁgsggggﬁ|§h§%‘2@§fi§é&}§r e NOUSL el SlteP YRR bl chinpiding A RYOB: bhig

portion at least partially and preferably substantially parallel to an axis of rotation of the

at least one impeller.

15 41. A pump according to claim 40, wherein the at least one inlet channel and/or the
at least one outlet channel is peripheral to the fluid passage channel and/or the casing

or housing.

42, A pump according to claim 40 or claim 41, wherein the at least one inlet
20 channel and/or the at least one outlet channel comprises a second portion extending
from the fluid passage channel in a plane at least partially and preferably substantially

perpendicular to an axis of rotation of the impeller.

43. A pump according to claim 42, wherein the second portion extends from the
25 fluid passage channel in a direction not passing through an axis of rotation of the at
least one impeller, and/or wherein the second portion extends from the fluid passage
channel in a direction substantially tangential to a continuous fluid flow between the

second portion and the fluid passage channel.

30 44, A pump according to claim 42, wherein the second portion is substantially radial

relative to an axis of rotation of the at least one impeller.

45 A pump according to any of claims 42 to 44 wherein the first or axial portion and
the second portion of the at least one inlet and/or outlet channel are in communication

35 with one another and/or are connected by at least one curved portion.



wherein the casing or housing conprises at | east one inlet channel and at

| east 10 one outlet channel in conmunication with the fluid passage
channel , wbeontiol@ast one inlet channel and/or the at | eastiGRnH/ (O et
channel each conprising a first or axial portion at |east partially and
preferably substantially parallel to an s of rotation of the at |east
one inpeller. 1541. A punp according to clda m40, wherein the at | east one
inl et channel and/or the at |east one outlet channel is peripheral to the
fluid passage channel and/or the casing or housing. 42. A punp according to
clai m 40 or akai magumpboriinyg fohmyal clamas40 s, whkeatin 2@ aaking eprosiddd vitht he

at | east one outlet channel conprises. a second porti i he
fluid passag@ RaTAR L StiRpes SSP%{H@"%? %@Q:qusﬁ%ﬁ £ nIeE/ Pgﬂaﬁ)ﬁ?g?g‘? 2% I '%/53 Bhe
subst ant i al | y@ehasmdfrem ffuill pagvagaxhanra potibahearthebt lehst onepeliétahanag. A

punp according to claim42, wherein the second portion extends fromthe 25
fluid pa'%sage channel in a direction not passing through an axis of

rotation of yhe atp é@?bc&i’ﬂ@n@ Rpahy 6ff claimdyonts Asheherein tHeepusme condpiEestanen
extends fromthe fluid passage channel in a direction substantially
tangential t®UBPHti nuous fluid flow between the second portion and the
flui d passage channel. 3044. A punp according to claim42, wherein the

second portion is substantially radi relativye to_an i i of
the at |east 48ne iAYTB‘é'PPearC.CO%S‘.QN°p?m’pg4a8'E'8?sdls¢15° t‘%’ ﬁ'ﬁﬁrei‘%lt% 681{ )%.8{4%5% 3”84}4
wher ei nig he fchhftel @6mpiéedl a PR bi axialgiution at least toaetiatip @od greferablycsubstantialy at
| east one inlet and/or out]et chanpel are.in co ni cation._. i

anot her and/ (ﬂaragpletompger@taé@ng{ [ﬁeeﬁ?a%ﬁae Hﬂ‘%ﬁ 3 rvyt}eg%ﬁw%plegﬁeone
2011/ 101636PGIA&EEHAASI QXR2AR fofh the.fRidpaseage ciaartienin d planet Bhstparialy and t o
45, wherein the casing is provided with a barrie r.. strd ppe rating a
f1uid passagé’r%fﬁ@lt?ﬁef’ug‘)ﬁm'g'&’npW@SPd'?LH%r 1% ap &xi5; °f1(’)f'?gat|° I%f!t t?'% h@r?%g%}? ?éﬁn%% a
flui d passagegegdaannel portion near the at | east one outlet channel. 5 47.
A punp according to any of clains 40 to 46, wherein the punp conprises one

punp unf®. 48. A punp according to any of clains 40 to 47, wherein the at

l'east one inlgl 1Q gmerchoﬁamgofd 585 oficlinisS#0 a0 47X iwklergioitiié ah lesist lopadnlet
partially and preferab substantial l.y parallel to_apn_axis..of i f
Phe at. | cast SRR pB1Ea eanh ot sptetyerBRAd soreub8 & HREoh frfpd ol BRs
ext ends fromdaagif lapt reRebRosutsaaas parallel tpbanmisasf fotist obdhe atlebst ered
preferably substantially perpendicular to an axis of rotation of the

i mpel | er, or iWPerversa. 15

20
50. A pump according to any of claims 40 to 49, wherein the at least one pump unit

comprises one inlet channel and one outlet channel.

51. A pump according to any of claims 40 to 50, wherein the first or axial portions of
25 the at least one inlet channel and the at least one outlet channe! of the at least one
pump unit are aligned at least partially and substantially parallel to the axis of rotation
of the impellers and/or share a common axis substantially parallel to the axis of rotation

of the impellers.

30 52. A pump according to any of claims 40 to 51, wherein the first or axial portions of
the at least one inlet channel and the at least one outlet channel of each pump unit, are
aligned at least partially and substantially parallel to the axis of rotation of the impellers
and/or share a common axis substantially parallel to the axis of rotation of the
impellers.

35



49. A punp according to any of clainms 40 to 47, wherein the at |east one
inlet channel and the at | east one outlet channel conprise a first or axial
porti on awolensmwigsarti ally and preferably substantial | ypPparGd2baloovr22an axi s
of rotation of the at |east one inpeller. 20 50. A punp according to any
of claims 40 to 49, wherein the at |east gne punp unit conprises one inlet
channel and one outlet channel. 51. A pu according to any of clains 40 to
50, whereint figst or_axial portions of 25t t | east one inlet
channel and tﬁg at"s‘l‘c’teug1 a%cﬁéaa'l%& 2y Bﬂéﬁ'mﬁl‘&bp &ﬁé"’ rein dhe CaYRB CRMRTSESA t
are aligned aplutatiyxdf cpsing umitd. y and substantially parallel to the axis of
rotation of the inpellers and/or share a comobn axis substantially parall el
to the axis of rotation of the inpellers. 3052. A punp according to any of

claims 40 to 54, whegueimatdoeding 16 iclath 5BCivberdiOleatRns 1 plubditbf Leasy uake
hannel of eac unp unit, are

inlet channel _and. the at. least .one outle h p _

al i gned gt I e%ogr?prﬁg? 3 @rls‘ §'38§a°'%g‘§”faé?t¥ﬁ éflegf dhe UMy and e 8gandgide or
rotation of téadalypaeitionedcasirdy fating fewad a diseRERE e%&i&tr@?lﬁ’f\ antial ly parall el
to the axis of rotation of the inpellers. WD 2011/101636PCT/ GB2011/ 000222

51 53. A punp according to any of clainms 40 to 52, wherein the casing

conprises a pbar al Apympfaceardingdo bRy bclaim543 tASRUNReraRERs Plurdint &F cabind thids,
wherei n each of the Bl.ural i tE/ of casi ng, unéts 5conprises a first side

faci ng t owar d*APRTEEE 48R €BF of 1889 SANPY UBhaNG SBCAR £ngion dissharg casing unit.
partitidfied casing facing toward a di scharge end of the punp. 55. A punp
according to y of clains 5 tg 54, \L/j%erei n the plurality of casing units
conprises a fY¥st ‘eRYMH 3N 4Q G uin: (wWherein 4he des rde /Y ther segasdheiidyer

casing unit. difchabfe calingUme ieaaIyHeatblytohhédtdd Bthe WSS didd brané FirstEndbde
of the second _end or discharge casing unit is axially sealably connected to

the second si'@896PMGW% i rst end or feed casing unit. 1557. A punp according

to claimb55, wherein a punp unit is forned by providing at | east one

i npel | er, - bet n the first side of the second end or discharge casing unit

and t he1gecon_ ‘si d&pﬂ?‘pﬁ‘f&o‘ﬁ'\gs@ e %r “f?\@é%” @a%‘i"_?fb”ﬂfhistfo_ﬁn%‘g?}’ REPFHIG at 58,

A punp accor deag ohe irapellepbetaean te st side &f the ¥drRh8IeRd bPBisthdr§d cadistpumf atde
nit and the second side of the first

second 20 er}g or di sc‘{éar e fcasi n 3 C
end or feed CHEPRYPNIH Qf%??pl"é OrdeRd CASBIOHEN AGRASHY YW form the f1 uid
passage channel of the at |east one punp unit.
58. A pump according to any of claims 55 to 57, wherein the first side of the second
20 end or discharge casing unit and the second side of the first end or feed casing unit
complement one another so as to form the fluid passage channel of the at least one
pump unit.

59. A pump according to any of claims 55 to 58, wherein the first side of the second

25  endor discharge casing unit and the second side of the first end or feed casing unit
complement one another so as to form the second portion of the at least one inlet
and/or outlet channel of the at least one pump unit.

60. A pump according to any of claims 55 to 59, wherein the first side of the second

30 end or discharge casing unit and the second side of the first end or feed casing unit
complement one another so as to further form the curved portion of the at least one
inlet and/or outlet channel of the at least one pump unit.

61. A pump according to any of claims 55 to 59, wherein the curved portion of the
35 at least one inlet and/or outlet channel of the at least one pump unit is provided within



59. A punp according to any of clainms 55 to 58, wherein the first side of
the second 25 end or discharge casing unit and the second side of the
first endworofige@ue3easi ng unit conpl ement one anot her sopPa3/aBroficnm2ehe
second portion of the at |east one inlet and/or outlet channel of the at

| east one punp unit. 60. A punp according to any of clainms 55 to 59,
wherein the first side of the second 30 €Ad or di scharge casing unit and
t he second S|%g of th st end or feed casing unit conplenent one anot her
so as to furtHeFatGP A tﬂT‘Fe RLANART fRed £RTNP Yt anththgisecendendAedisthasee gaincr
outl et channelniof the at | east one punp unit. 61. A punp according to any
of clains 55 to 59, wherein the curved portion of the 35at |east one inlet
and/ or outlet channel of the at |east one punp unit is provided within WO

2011/ 101636P@Z, GB?NM&Q%@&@I@ZO ahy bﬁélé?ns% t%f61t %efélﬁ fe RO Yxial B@r‘fioﬁ@ﬁ' ng
unit and_t he tﬁecond end 0 acwgew sing unit A punp according to

any of cPai ngtNg$t{asgene Wﬁ-fr‘%ﬂdfprt '?aé‘(‘e'o?f tﬁ%laél'eaﬁb PRe BHMEY unitsistafevidad

| east one i nlithimadlkast ool Ble &ML 18éd & dg?l&ml §Pthe QBEoRERY HiidcHarge
provided within at |east one of the first end or feed casing unit and 1he

second end orc&i"d4M¥r ge casing unit. 63. A punp according to any of clains
40 to 62, wherein the at | east one inpeller is 10capabl e of being rotated

cl ockwi se and_counter-clockwi se. 64. A punp accor di ng‘ to any of clains 40
to 63, wherei®theé BP’@E%?%C“P%%&'P)&W“éa”Ei‘ét“\Qé@ﬁza‘MhQ!G'P E@atal’ﬁaStzmel"ﬂ?P@'tef &

each of 10he adaphBiash b@iﬁgrcnut@e cléRklvisk Bnd Bodrier-disdkaise0f 1- 100, optionally in
the range of 1-10. 15 casing for use in a punp according to any of

claims 1 to 64. 66, A well bore conprising at | east one punp according to any

of clainms 1 tgy 64.A 2085 a‘écwtdgb@rﬁqya%aéuﬁisﬂm Ecpeﬁl @hé&ﬁﬁhevm@és%'ré‘ nw?at.o

wel | bore conprises an Artificial Lift System (ALS) and/or an El ectrical
Submer si bl e MEYEgEASHyUtiebandanslet Bf)?@haRfé'@r 2lileast oge awp@ﬂﬂ i inithasrapee ©b167,

wherein the Aol bptionally ikittd ra §5fam1b El ectrical Submersible Punp is
provi degl within a casing of the well bore.

65. A casing for use in a pump according to any of claims 1 to 64.

66. A wellbore comprising at least one pump according to any of claims 1 to 64.

20 67. A wellbore according to claim 66, wherein the wellbore comprises an Artificial
Lift System (ALS) and/or an Electrical Submersible Pump (ESP).

68. A wellbore according to any of claims 66 to 67, wherein the Artificial Lift System
/ Electrical Submersible Pump is provided within a casing of the wellbore.

25
69. A gas turbine engine oil pump comprising at least one pump according to any of
claims 1 to 64.
70. A gas turbine engine oil pump according to claim 69, wherein the pump
30 comprises at least one feeding section for pumping oil from an oil reservoir to the gas

turbine engine.

71. A gas turbine engine oil pump according to claim 69, wherein the pump
comprises at least one scavenging section for pumping oil from the gas turbine engine
35 to an oil reservoir.



25 69. A gas turbine engine oil punp conprising at |east one punp
according to any of clains 1 to 64. 70. A gas turbine engine oil punp
accor di ngvoaocl/@ies 69, wherein the punp 30conprises at IpeasiB2onaodredi ng
section for punping oil froman oil reservoir to the gas turbine engine.
71. A gas turbine engine oil punp accordi ng to claim69, wherein the punp
conpri ses at | east one scavengi ng secti onSFor punpi ng oil fromthe gas
turbine engine 35to an oil reservoir. WD 2011/101636PCT/ GB2011/000222 53
72. A gas turbine engine oil punp according to any of clains 70 to 71,
wherein the arzl ea@@a@uﬁbn‘ne@dgme oﬂqbﬁmpoatcaMQSt@ rwlcmnwcftd 20 Mefein the
connected to ér] r driven %% a common shaft, gear box | ubrication
syst em conpri Qpe feeding gsiction,and, Scavensing ﬁ@c"toﬁ aaﬂyofa?e%datprmd@rtdavm y
74. A gearboxa lgm’ambﬁ@hamn system according to claim 73, conprising a w nd
turbi ne l0gearbox lubrication system 75. A gearbox lubrication system
accor di né to any of clains 73 to 74, wherein the at |east one punp
conprises at 7:BaStAgéﬁrbf)ﬁﬁ@hﬂﬂloﬁes%ﬂeﬁﬂcén%nsmé@'Ié&t 8hé plimBracadrdfglto any of
reservoir to the glear box | ubrication system . A gearbox | dbrication
system accoro‘f?iﬁ‘s do&8fy of clains 73 to 74, \/\herel n the at |east one punp
further conprises at |east one scavengi ng sectl on for punping oil fromthe
gear box lubrigatio stemto an oil reservoir. 2077. A gearbox |ubrication
syst em accor dithg t 95 oy {ubgicatiopesystem accpsdingtrflainh 73, h@”éﬂ”slf‘@a%t”"‘@riéfb'”e

f eedi ng1gect i grarsyxdutsicaveNgjsim secti on are connected to and/or driven by a
common shaft. 78. A process manufacturing apparatus conprising at |east
one punp according to 25any of clains 1 to 64.

75. A gearbox lubrication system according to any of claims 73 to 74, wherein the
at least one pump comprises at least one feeding section for pumping oil from an oil
reservoir to the gearbox lubrication system.

15
76. A gearbox lubrication system according to any of claims 73 to 74, wherein the
at least one pump further comprises at least one scavenging section for pumping oil
from the gearbox lubrication system to an oil reservorir.

20 77. A gearbox lubrication system according to any of claims 75 to 76, wherein the

at least one feeding section and scavenging section are connected to and/or driven by
a common shaft.

78. A process manufacturing apparatus comprising at least one pump according to
25 any of claims 1 o 64.

79. A process manufacturing apparatus according to claim 78, comprising a
pharmaceutical or petrochemical process assembly.

30 80. A water pump apparatus comprising at least one pump according to any of
claims 1 to 64.

81. A water pump apparatus according to claim 80, comprising a fire engine or
water tender water pump.
35



79. A process manufacturing apparatus according to claim78, conprising a
phar maceuti cal or petrochem cal process assenbly. 3080. A water punp

appar at uswoanpriosizag at | east one punp accordi ng to anypafi/agB2aimmo2t 0 64.
81, A wat er punp apparatus according to claim80, conprising a fire engine
or water tender water punp. WD 2011/101636PCT/ GB2011/000222 54 82. A fuel
punp apparatus conprising at |east one puﬁfﬁ according to any of clains 1 to
64. 83. A fuel pu ?Bparat us according to claim82, conprising an

aut onot i ve 5véhi cl/duél BUMP pRRArglus %mpﬁs'gglﬁb'e%‘c%recﬂuﬁﬁ’ G50k terany oA FiAiNsL t o
64 in a well bptesaccording to any of clains 66 to 68. 1085. The use of a
punp according to any of clains 1 to 64 in a gas turbine engine oil punp
according to any of clainms 69 to 72. 86. The use of a punp according to any
of claims 1 tg8.64 Arud Q@raﬁbébbdrétbélafeébﬂdm@ Y Sl 8E Cdribridthgt @naBitoRbtive

cl ai s 78 to \Zeg] 15 87. The use of a punp according to any of clains 1 to
64 in a procemnufacturi ng apparatus according to any of clains 78 to
79. 88. The use of a punmp according to any of clains 1 to 64 in a water
punp 20apparatus according to any of clainms 80 to 81. 89. The use of a
punp accordi nif-t o SRSt @ RumRsadeordingste any oficlaines 1 ubkinabyelibere acerdiog ta ng
to any of cl airyeofBRiko6S® 68.

10 85. The use of a pump according to any of claims 1 to 64 in a gas turbine engine oil
pump according to any of claims 69 to 72.

86. The use of a pump according to any of claims 1 to 64 in a gearbox lubrication
system according to any of claims 73 to 77.

15
87. The use of a pump according to any of claims 1 to 64 in a process
manufacturing apparatus according to any of claims 78 to 79.
88. The use of a pump according to any of claims 1 to 64 in a water pump
20 apparatus according to any of claims 80 to 81.

89. The use of a pump according to any of claims 1 to 64 in a fuel pump apparatus
according to any of claims 82 to 83.



