1 IMPROVED PUMP FIELD OF INVENTION This invention relates to an improved pump, and
particularly, though not 5exclusively to a regenerative pump. This invention also relates to an improved
impeller for use in a pump such as a velocity pump, e.g. in a regenerative ump, TG %&yﬁ tion also
relates to the uS¥'afHA'MPtoved pump such as regenerative pump in Elec%ﬁcéﬁ'lgu merS|EIe Pumps
(ESPs), in oil pumps for, e.g. gas turbine engines, turbine gearboxes, in fuel pumps for, e.g.
automotive vehicles, in industrial process 10 applicationd, e.g. in pharmaceutical process
manufacturing or petrochemical processes, and(Ws, e.g. in mobile fire engines (also
known as water tenders). BACKGROUND TO | mps are the single largest user of
electricity in industry in the European Union, and of those pumps, centrifugal pumps represent
approximately 73% ef@|pyPRiEasoR centrifugal pump is a rotodynamic pump that uses a rotating

impeller to increase the pressure of a fluid. In a centrifugal Fegmp ler 2 uiichAyRiFa %
20carries between 4 and Ser\?)é?n&’ %n;gpatg%aigﬁﬁ ?ngr%éé%egﬁ#e%émg%t ¢ energ%%/ 019 ltJh(-fl)ﬁuid t{t?légfi being
&

pumped. This kinetichsigghisctnaroenpotitetliRo PRSEYRIRCS) Al SIaRoHERS %ﬂf@%?ﬁafffuser.
The amount of energy given iptheflui is prepertippatio the. veloeigeraraiestipiobth&fimpesiiiomhe

faster the impeller rotates, then %ﬁﬁ?hd@gf will-he ihevalagity Rh the Ladvicaidhrimpnelaedncand the
e

greater the energy imparted to the liquid. The kinetic energy of the fluid djischarged from m%[' peller is

converted by creating-AmeSQanBeBSHE S, ThalkiRi PeSistin&dis et '%%/ ﬁ%‘glgﬁsrhp volute that
catches the fluid andysiewsds dawrudn thendisdbrargeore gisnmitive|uighialahe it cBERSER S PAPRE S

velocity is 44 applications, e.g. in pharmaceutical process manufacturing or petrochemical

processes, and/or in water pumps, e.g. in mobile fire engines (also known as water

tenders).

BACKGROUND TO INVENTION
15 Pumps are the single largest user of electricity in industry in the European

Union, and of those pumps, centrifugal pumps represent approximately 73% of all
pump types.
A centrifugal pump is & rotodynamic pump that uses a rotating impeller to
increase the pressure of a fluid. In a centrifugal pump, the impelier - which typically
20 carries between 4 and 8 vanes - rotates and increases the kinetic energy of the fiuid
that is being pumped. This kinetic energy is then converted into pressure energy by a
stationary voiute or diffuser.
The amount of energy given to the fluid is properiional to the velocity at the tip
of the impelier. The faster the impeller rotates, then the higher will be the velocity of the
25 fluid at the impelter 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
converied to pressure according to Bernoulli's principle. Therefore, the pressure
30 (commonly referred to as ‘head’ when defined in terms of height of fiuid) developed is
approximately equal to the velocity energy at the periphery of the impeller.
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 commenly available drive means such as 1725 rpm and 3430 rpm (50Hz-

25 80Hz) electric motors.
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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 Sgry{pe% o)f3the |mpeII'er.'Typ|caIIy small, (Iess.thqn 500 gpm, flwgy)mg@mnfugal
pumps are large A icient, 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- 3560Hz)
electric motors. WO 2011/101636PCT/GB2011/000222% Like the centrifugal pump, the
regenerative pUTP s & KU RUDRATON BYAFING SASORANE PUBRCERIRIEDh aPlsadians ofer o
n a centrifuga

t
more efficient alternative. c pump, fluid only travels throygh a centri{u al impeller
once. In contrast, ithe IeIFaREIARRLBIART UTRIMIBRICALATS RTRES AL gfﬁ%t P8758%Fihe 5 impeller.
A regenerative pump usem ancisnpialen witheiUtbin ertiypeaukie §8 avaiua et iohiakid PR ligh ERFFutfing in an
annular channel sugigupding U BeEflalEy Gl iTReliauutdnalaowisignien hadmpelies has

radial vanes machined Into the impeller periphery and the fluid passes throu 0 r
channel and %irculd?é%epébeﬁté?ﬂﬂ?f%ﬁ%ﬁ‘ﬂg@ i'l’?%%)sel?@r ‘\r/“a{3r1eehjesa.r 195%]‘ h%béﬁeéirgﬁqgeag%% o%%tﬁggﬁﬁp is
separated from thettksptratysyegiondin @banieles shaaneh SHIEPRAHNAN s peralifpp 8F lerdIREEA
hydraulic seal betwgen the highpregssign ane inwdaeasausersiite s/aidhenpeiinpd Tite tepdatetiefiuid
circulation during the flow process or 'm&lfigg?ggn%pg pguyﬁggm%ﬁggg%%“\ég RMMBs-lR.ganerate

high heads at relatiﬁ’/%'fﬁ oW s?ﬁ cific sflﬁ'éegs. n spite of having operating characteristics that 15 mimic
a positive displacernseasisainir bl e eafitctly proportional to head, with maximum power
required at glutoff, and agieephradwapasittheunvelp tisesepgerieddtive pardisdsasgrinediepbid, i.e.
kinetic energy is i ted o, fhe.fluj e, mp i evihe Jhdich by tae mradi

impeller blades. Aq%?é? rtﬁé H&%dc é%ﬁ%ﬁ%ﬁg&ﬁ%dgﬁ?%‘ﬁ%ﬁéﬁéq&% dct?gn ignéuogs*lgnci &hﬂatggg
between the bladeS®REHFORTE HERIRETURALRIAL BR AHXFon SRS TRS mpaliar and til;e peripheral
flow in the channel fiuniterticesn omenitisragingharinpptiyt 24Res [aeesalss GIGPRSEhERESIBF Ckscrew
fluid motion.  Opg,gf theJRaiRIFRAAEIRIIRipeEdeganepatiE RIMPSHe dheyadiityctergtretate high

discharge pressures at low flowrates. A regenerative [ - iqRifi igher
h:aads tgrllan éscel:\tri‘f‘ﬂl@é‘i élvﬁﬂﬁ%ﬁhd%Bﬁcﬁﬁ%%lg ﬁ‘&ﬁ}ﬁﬂ%ﬁf'&ﬂ%ﬁ\é@gﬁ%%%lg%éﬂ%@ﬁ?&é@g

/ S
sometimes also refeifednaxism peawsierea i 3t 1o iRl B LA BeRCHSAHISERAS U NE pilifp, drag
pump, side channe}gydrpatiRGRRNEMRINtEastexop LB Kiratiappkaptionsretadringhrifhibbrfdtnance, it
may be advantagequs éé) &qgﬁr&e%tegog\jgnsgrﬁg ﬁgmeg;w,ltg.%gpt;ggﬁ iyfﬁpghgpg%gsprgyim@ﬁgmuttj@[age

o

. sell ! : . : .
regenerative pump. ﬁ_owever, the configuration and éfficiency of a mulfistage regenerati pis
dictated and Iimite&ﬁﬁ&%%’@rﬁ‘f&siﬁ“ﬂﬁd’ﬁ‘fﬁ‘éehﬁ?‘é’réﬂ?mﬂ%‘g&ﬁgﬁf y sgg%\'é'er_%%ﬁigtg%gé gs%ile&r?lbly
may be conpected ineeaninrathengpivaltycinatior deneirative impeler gnd Mrcpairheati@ewmMdicarry the
fluid to and from th%ﬂgﬁﬂsi'%@giﬂg %%ﬁtﬁﬁdi@uwféﬂ% afhat takes places develops a helical or

corkscrew fluid maotion, _
One of the main characteristic of regenerative pumps is the ability to generate

high discharge pressures at low flowrates. A regenerative pump typically develops
25 significantly higher heads than a centrifugal pump with comparable impeller size.

The regenerative pump is somstimes ailso referred to as & peripheral pump,
turbulence pump, friction pump, turbine pump, drag pumnp, side channel pump, fraction
pump or voriex pump.

in applications requiring high performance, it may be advantageous 10 connect

30 in series saveral regenerative pumps to provide a multistage regenerative pump.
Howaver, the configuration and efficiency of a mutistage regenerative pump is diciated
and limited by the manner in which the different units constituting the multistage
assembly may be connected to each other. Typically, ina regenerative pump, the inlet
and outlet which carry the fiuid to and from the impeller region extend radially from an

35 axis of rotation of the impeller. This imparts design and functional limitations on the



35axis of rotation of the impeller. This imparts design and functional limitations on the 3 resulting
multistage assembly, not only in terms of configuration and size, but also in terms of performance, as
kinetic energy may be lost during transfer of the fluid from the outlet of one,pimp.unilta.the inlet of
another pump e .mllmmfsherefore, the present invention has identified a need to provide a
regenerative 5 pump having improved weight/size ratio and/or performance characteristics, and which
is particularly suitable as a multi-stage arrangement. ?Examples of applications in which the use of
improved regenerative pumps may be of particular significance jnclude Electrcal Submersiple,Pumps
(ESPs) for oil recov@%ﬂﬁ)&? b%fw ?)é raﬁg‘gﬁiﬁr .irqg?eoﬁ'éﬁr?ést%and%or oil purmfjs for turbi{ne gearboxes,
10e.g. wind turbine tgeasiobredormanrimsdiBRticeaven MortalBRwen trsEi & Ry PEN o the
surface by a numbey ginasabmeshantsms ibisCanstiwrtpsrtherptimary recovery stage. These

mechanisims include expaieionof HalWALIAS ARAINTLRNAEh NG §R0I0 Fnaa s ueh ganissolved

in the crude oil, gravity drainage within the reservoir and u Warg 15 displ&cregeefp ig %iil_‘g%ﬂ@;‘ural
water. HoweVer, theSrphaine EaRep S 8 HARE ARy p AL 8L PRV S TActar Of approximately
5-15% of the origina pérticuiadyheitatircasrderdfictand preswsredsbcomes insufficient to force the oil to
the surface of the oil weII,%mégq,ggdaﬁmgggwwmpgw hepavtainegkhyrapelyimgpsecandary

recovery methods. These methods tt%%call include inj Cj\?ﬁE‘ngs%éﬁi%@s%Qe“ﬂgﬁwrgéﬁfé? glickyas
| u

natural gas or WateReonth‘?ﬁ'&”ﬁf ARG ﬁft"gys %mse s) such as Electrical Submersible Pumps
(ESPs) which are imrseoied abiiaisorden psHv sl eTEB s 3B RURF oE SVEIN SEAMGIR
typically incrggses t@_gvr@ggy@ry,{@ggyrsexapproximately 15-40%. Existing ALSs are mainly based on

legacy technology which is decades old an ichsansiiaing the fsrievaanraCanyentigral ESP
arrangements can excee 2‘8%8@%&\{ ?éyngﬁrﬁhdgical hydraulic Iift‘sj?stems. An ArtiﬁgiaLrbgg eSystem
typically contains mawyheoeipratetIN RN a JURFISE ELﬁtﬁﬁﬁh&p‘%’&aB’uFﬁ%’ngrﬁiaﬁ%pee ‘motor, a
monitoring packagenandpacke mhapoweryEoionusiicatioaisgan démitingrablbe sertact ppiRarive and
controls; and surfacp %%an%%rﬂ%‘dﬁf?\nth%ogﬁhgi%@, dewishalaiyB RatAre iy sallyoeemitifugeddevices
approximately 31/2" in"diameter rotating at a%f)ro%imaﬁmg\c’)m tH%m.F.Lgergégogggeggﬁ?li%gggly
experience othigh SRESFBRIHAR A HBAMPIERiIRSH reltVinttesting techiniques. erefore, the
present invention hasoiddsstifiectaverydacior eirmhpiokivatels dnip %ot theareiR@ical submersible pumps,

and of such dimensions so as to be capable of WO 2011/101636PCT/G132011/ 00224 4 bging
inserted (or replaced) into &b AMHRAGHI grﬁsésé‘crlefo%rerceo(%%e’r?rsiaf}t;ﬁignrﬁ(?)odf?jé‘t:%n tubingo. In an

aerospace gas turbmetargiftheoilipurhpandnsreras o the Exeyent BpEr3erPe oSRRRE BhaRRY ailure of
the pumps necessitgtes-adPig-shere ovumeishe rginendifmrveplianaligasitibinsiail plmpyidre
positive displacement type pumps, i.e. they in | yolme Of ol dptatheiBlatpestard transfer
it to the outle%oport Wﬁgﬁﬁ%ﬁﬂ%gg gﬁig#{f aﬁ’gg&f} %Qll ¥ m . L%

such as Electrical Submersible Pumps (ESPs} which are inserted at the bottom of the

well. The use of secondary recovery techniques typically increases the recovery factor

to approximately 15-40%.

Exiéting ALSs are mainly based on legacy technology which is decades old and

25 which constrains the performance. Conventional ESP arrangements can exceed 20
meters in length in typical hydraulic fift systems. An Artificial Lift System typically
containg many components, including a down-hale high speed pump, a high speed
motor, a monitoring package and packer; power, communications and hoisting cable;
surface power drive and controls; and surface data distribution.

30 Existing down-hole pumps are, typically, centrifugal devices approximately 314"
in diameter rotating at approximately 3000 rpm. There is currently limited experience
of high speed rotational pump design or relevant testing technigues,

Therefore, the present invention has identified a need for an improved pump for

use in electrical submersible pumps, and of such dimensions so as to be capabie of



Positive displacement oil feed and scavenge pumps are extremely inefficient when the inlet is
air-locked. Therefore it is important to ensure that the pump is 10 capable of being primed with oil
during engine start-up, and re-primed during any periods of oil interruption,(g.genR9atus, 9’ flight
manoeuvre, Mr?d%ﬁ‘[ﬁfigﬁfgzﬁt). Gas turbine oil system pumps are normally used in recirculatory oil
systems, i.e. comprising a combined feed (supply) and scavenge (return) oil loop. Pump elements of
such positive displacement pumps are used both as pre"Ssure (feed) and scavenge (return) 15 and are
incorporated within a comman casing. The oil p lﬁ;é% MRNbH AN ACERSS ALY HENRSHRtem. As
the feed oil is distrm%dq%egﬁqhtmlu%ﬁ?gteg f)rg#[g}%f tﬁg engine a substantial amount of sealing air
mixes with it and incréeaiios kebirglume. Additionally, the bearing chambers operate under differing
pressures. Therefore, to pravestdipasigsscatinelmgiberds pypatse providder & tid enseaeehgd pump.

The oil 20 flowing through tﬁ'ﬁ% feed. pUMP pArMAYhASANREEOW AlkiguNaBbWYhereasdignacavenge
pumps have to pump all WHICh has a high air content. This inv%riiSaEI means that £.S¢avange pumps

are more sefisitiveX@¥RIHANG EBbIBIGINS O PHIPSAS, PR FSERT eme%

inven ioh has Identified is a need
for a regenerative putep, particUlatiyre mitipostbe dnfeigrate IR EPETRDIWHIER R RASIEHE
application 25in a ﬁggﬁgs Alime,.e.g. a gas turbine engine oil pump or an automotive engine oil

pump, and which can be operated in both directions to facili 2 pressute, (feedheor, seaverge (return)
lubrication system. I 4SNiYR ?ﬁ%ﬂ?&?&&%ﬁ’g t%ﬁfiﬁ?}gacsggtr%ec a%%v%-speed turbin!(g blade shaft to a

high-speed generatbesHbét. iftetasiciapsiesedsT EpE e bilkas HINCaBRIH RS 85 88 Btations per
minute (rpmyto ab%%@&tgé@@ﬁmmiﬁhwrewewh‘egir’@ystadstpga@ra@m@m@%ﬁb’éﬂ@eaaectricity.

This power transfer is conventionally carri it BHDWndHE eagAPOX BRaN
onerous and heavﬁ’eﬁgﬁ% o?ﬁloé Jﬁﬁﬁﬁr‘ﬁmggﬁ?ﬁ%ﬁﬁ:@e%ﬁ@ﬁﬁ. Ty icnll Iubrig%%yqu;g‘.j1
%ggys{%ayé e C u%

performed using pb&hive < syreBRERPSIRSUAPEALINTER 1B IR BIIFNP5EET T §as Wirbine-engine oil
systems. WO 2013/384636f GEGRAARDE222vENge (Rierefoldotte Fusertirientidh Akl identified

is a need for a regengrative pump, BATGHIY Y2 el lagrsssgeneadvenpumpendaicieisapable of
application in a gegﬁbox oll system e.gé._a_wind turbinec%earbox{%l§

_ \ hi operated
in both diredffons tér%é[ﬁd@%fﬁ?rr@é%% T8 P BT A ERG & return %?m%n%yﬁﬁ% pumps
for use in, e.g. autametvenergirestan basdhedersLisideslighvuiaddreds henuRERTLPATIMY Qftable for
use in fuel pumps, &,gnin Atasmative eRaing frebsumpsihaag intpibwed weigtwsize ratignand/or
performance characteristics. Process manuf [ e, tical inghasdrips, typically
involves 10 pumpiﬁﬁdﬁﬁﬁ(@}' r%‘gc%%”?ﬁ ocnlr1 f)%g%;'c% %t?hlgg%?ae?rﬁg%é%%g rocess. Sirﬂi\l rly, process
manufacturing in, @igveiit fsodiseh eant SNRRERLY, YHRENIP PN ERL B ARG etr'?:)uch'é'm|ca%l
substancespg.g. raring ifQligeratiei deedbpuanpetooiadynieal proeskvTiaisreorierhedterdsa Paimp

suitable for use in rgggnssemmggaﬁy ig}gpgﬂgigmmg\égq W@jg@}/gg@mtimmﬁ@empfmaamc.e
characteristics. 15Water %uﬁms, e.g. for use In fire engines or. water t% gnes’(s, typically require high

performance IOUmrfg%é'beab?@"&m%iﬁ%?ﬁ?gafﬁ@grﬁlﬁ?af”é‘{ﬁﬁ%f) URGEMGh pressure. There is a need for
a pump suitable for use imgiioparibaTEmeetvarentRmMREs Sderiedwatar e dsEITRH-I Engines,

having improved Wﬁﬁ%t,/ %i%%cf@gﬁy@ﬂ{&l[iple stage regenerative pump, which is capable of application

25 in a engine off pump, e.g. a gas wrbine engine oil pump or an aufomotive 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 typicatly from about 30 to 50

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 pan of the wind

turbine which reguires lubrication.  Typically, iubrication is performed using positive-

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



performance characteristics. 20It 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. Itis an
object of at least one embodiment of at least one aspect of the present invgﬁnp%ig 95964559 a

. . . . 1Y/0002 .
regenerative pﬁ’ﬂﬁoﬁﬁwwﬁimproved weight/size ratio and/or performance characteristics. 25It 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/s%ze ratio and/or performance characteristics. It

is an object of at least on(?h%rrrépoordl%%nt of.atJeast0as aseeskRidbe Rraspeddnisentiasytagativide an
improved impeller for use'in"a ve?Outy ump, e.g. a multistage 30re %n%rastlvae QYR Jblﬁi&ﬂo‘?xbled of
at least one embodinent rsrétieEy EORE GRS 8195 RS BTELERARVEALIOIT T p?oF\)né{e a casing for use in a
velocity pump, e.9.ia Mgdistageregensatatve punp! W2 (B0 6H6PETTG B 160525 28
SUMMARY OF 'N\éEel\lr}cQ'_\‘m bdﬁﬁccé?rréﬁﬁ’c%o@ fifrﬁ@%egt @ﬂéb@megeéu)irwemﬂmtigererﬁqmbvided a
pump, such as a regenerative pump, the pump comprising at least one pump unit, the at least one
pump unit cobnprisiM§EXES 55 housing comprising a fluid channel or fluid 5passage channel; and at
least one impeller providerLingidethdaasiagfor SumrBRTHE RNeftotth ‘?ﬁe"fldﬂ'gﬁ%ﬁﬁg%ﬁ‘ﬂuid
passage channel, 1. wheteipdhadasing-grdinusingeaseprisesi atieast egeimtstahetivtetndittat least

one outlet channel in communication with the flui . Id passageLhanaebirat least one
inlet channel and/of%ﬂé’ﬁf"?@&%?\%"gﬁf%'fe g%eril%e gega%cqﬁg@o?r‘\qgws}%% a 10 irzt.or z%\xialr ort'v%rﬂ,gg least

partially and preferably subrstastangnyiaaHEned AncaadGRARRBTRBY RS RIASt OfFE Thipe ler.”  The
terms "axial’ygnd/on sihssensially pesalleliis sroptatbesdrigetistoptaliterediyiosLiPRPER uRtERS0d

herein as extending in 3 direglion at,Ap Anals IMbSeGIABALAAR eI ALY A6 e rermseiprably
0-15 relative to an %’ms OFrOtation of the at least l?o,ne |_mgeller, ,
pefrochemical substances, .g. reacting in or produced by a petrochemical process.
There is a need for a pump suitable for use in process manufacturing, having improved
weight/size ratio and/or performance characteristics.

15 Water pumps, e.g. for use in fire engines or water tenders, typically require high
performance pumps capable of delivering large water output under high pressure.
There is a need for a pump suitable for use in high performance water pumps such as
water pumps used in fire engines, having improved weight/size ratio and/or
performance characteristics.

20 it is an object of at least one embodiment of at least one aspect of the present
inventian 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 ratioc and/or
performance characteristics.

25 [t 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 weighb’size 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 impetler for use in a velocity pump, e.g. a multistage

30 regenerative pump.

it is an object of at ieast one embodiment of at ieast one aspect of the present

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

PUMD.



The at least one inlet channel and/or the at least one outlet channel may be peripheral to the fluid
passage channel and/or the casing or housing. The at least one inlet channel and/or the at least one

outlet channel may comprise a second portion extending from the quiIg(pﬁlsszaO%%O%Q%rzlnel ina
plane at least é’B‘B&PﬁHWéﬁéd preferably substantially perpendicular to an axis of fotation of the

impeller. The second portion may be substantially radial relative to an axis of rotation of the at least
one impeller. Alternatively, the second portion may extend from the fluid passage channel in a

direction not passin%gmfwﬁﬁﬂaﬁtion of the at least one impeller. 25 Advantageously, the

second portion may ) ] sage channel in a direction at least partially and typically
substantially tangential to APEHIDE G fitRUFERETHR P RSRIpBYeEIRS thefRriaIrseviges direstibn of

rotation of the at leastones iavegtesraline mecprtdooutioromayisitendetianid piidpasrageishannel in
a direction at 30 Iea&;eogm.%;%@pgo%gp%ai%: §u9§ﬂ§3ﬁ”“ﬁﬁﬁf%ﬁ|pﬂ‘?sﬁ&%”ﬁﬂ#¢% xf éjég floy Retween

the second pogtion and the fluid passa annel. By such provision the flow o Into and/or out

of the fluid pagsage 4TaAREFAAA)HE NN AHRRSE C8% MRUBEREY A AN I5 dX GRS oM fehBHmMiRS M8t from
the fluid passage chfihtrenaly he finhirhiced loy ridwisksagefcaamsoth guidance between the fluid

passage channel and the sagRdiY/QR2Y &f HLERERGTIGRB2QL LQQR2 KL Nartinn of g atlgast one
inlet and/or outlet channel Thgghrt?g’aieﬁlmenc% of the ump may he enhanced, T%plcallé%he
e

ed
second portion of th%ngtcfg%eétcone'lnler} AT li'é’f\ channel mayce%é‘ﬁidc’ﬁ ke ﬁgg'é
channel in a plane dffeddeddinalpighehpnrer @ibier $heudsdeaptienty poins channelaaeh anmxisiuf fotation
of the impellég, in a tisectienatpanangecistharanganf fdanhsianiirtbhiangeatalkia@eontngous fluid
flow between the s%@?@rp&rﬁi.grgta}ggsmgfeﬂmg&@sage channel) to 90 (radial). Preferably, the first

or axial portion and the second portion of the at least one inlet and/or outlet channel may be in

communication with one aHGHRFEna& Ay He SbrtatAlcratplg) ds gubtdmsunirsstenddisbition. By
such provision the fleswef beflundethrauethie atlegdstding imtetisntitor 0 atieirgiamnakmagjohefipaproved,
e.g. reduction in fluigspressueeiiuaeiihe prdeastipne ikl ang/prAUlel shannshaybg migimised
by provision, fa srrcl)%gt'h glﬂdance between the first or axial portion and the second portion of the at
least one inlét and/GF oUtet channel. Thus, the efficiency of the pump 15may be enhanced.

Advantageously, the first, S¥cahlgasinererizielcdanosleasdiveiis et tieastoprheoatist sbaaret imdgttand/or
outlet channel may fgisntestatia fyitupat s gtnehan sy BRtAHIAY L L R MBLEHRSS-section.

Alternatively, the first, secand r at least one curved. portion of the at least, 20 one inlet and/or
outlet channel may be sucbﬂé%aﬁgg]%&nc??{?cfﬁ:%%a?rﬁ%n%c?ésagggztlo% ,ag.iéa? %tvgneelﬁ%t%é, ‘f)'ojragﬁ?r} OtRér
suitable optimised [FRIIRESE @ sepppdpetianeyRa AR MR Maduist RassasgraeanperifohrRiFnp &t adetast one
inlet and/or Blitlet chartiaél anapratavably dismtettinin thesatigentd ahQRisvhicadiyitalyhizithe range of

550 mm. 25Convenienty; e LaanBABY hE PO UM A Bk R 1S PRRLAERATRING 11

passage channel p rtioq near the at?Jeast one inlet channel from a fluid passage channel portion near
the at least one out%? ZHERAE BRI provision a hydraulic seal may be provided or created
between high pressure afddowtipelysstretegidipdivthmat tteskddnenpiimfiuishitz80Fh erdimeirision of
the barrier or strippgeiraaiohadnpdieirgneRwinléh Q. of rotation of the at teast one impeller.

25 Advantageously, the second portion may extend from the fiuid passage channel

in a direction at least partially and typically substantially tangential to a direction of fluid

flow with the fiuid passage channel or to a direction of rotation of the at least one
impeher. |

The second partion may extend from the fiuid passage channel in a direction at

30 least partially and typically substantially tangential to a continuous fiuid flow between

the second portion and the fluid passage channel. By such provision the fiow of a fiuid

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 a2 smooth guidance between the fluid passage channel and the second



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. 35The vanes may be eg uaI $ 11&,‘392{50”1 each
other. WO 2092816 H8B€T/GB2011/000222 8 Typically, the at least one | () &éfler may omprise a
number of vanes in the range of 10-60, preferably in the range of 20-50, preferably approximately 30.
The frame may comprise a hub portion connected to a sHaft at or near a substantially central portion of

the frame. 5The diameter offtF1 Wég ortlomg{naxdt?& 'Qu Trﬁmga of.ﬁjSOQh Q%icqnn%ghe@%ﬁmthe

range of 10-400 mm o ThRe frame may faPther comprise at ange portlon near a peri thg frame.
Typically, the vanegﬂﬂh?ee?aé?ﬂf@ﬁjtwardly from a periphery of the hub portion. 10The vanes may
extend outwardly from a peyiphaentef $aechtlpeackhost ey anddteopeiphesyandtbetlnagedaontipn.

Alternativel. the vallgs A% PRI AR No-RACHPOSIA' Wb aoran and siay, bsy

substantially flush WI'[ the peri langed portion. Alternatively, the vanes may extend

outwardly from a pér‘l'ﬁﬁ"éﬂv%lf’tﬁérl’ﬁfﬁ”i@ﬁbfﬁo‘ﬂ‘|ﬁ§'iﬂé’foF%?ﬂFn %g‘f)é'ﬂﬁﬁ'é% i %@rﬁﬁﬁﬁ‘e@ #ortion.
Typically, the vanesngiyirekte nhgelos insatiytaatiiiifngemiileriptenobthdihd figyobgbreen the

Alternatively, the vagg,ggrmggr@g%g fkanianaedreerRRiRbek ahthahub portlon e. g at an
inclination of 0-60 from thgr? aﬁgosm?w Ln a erYV ‘23'8'2 rea Yxard ZOaJtltug Al %’ S maf%
comprise a first side and a ec{g §nfe Fhe' ieF RIS LT SHES T e Su tla?fei/ at or
planar.  Alternativiefyanfieneifiss WWBWWH%@&PWHV%W%@,O@@ ?B@F@Foﬂ?%’rs'ﬁ‘ah@ﬁ)r other
profile configigrationsnnected by e.g. at least one curved portion. By such provision the flow of a fluid
through the at least one inlet and/or outlet channel may be improved, e.g. reduction in
fluid pressure through the at least one inlet andfor 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 andfor 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 outiet channe! may be substantially tubuiar and/or substantialy
circular in cross-section.

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

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 iniet
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 channei portion near the at least one inlet channel from g 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 iniet and outlet
portions of the fluid passage channel.

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

35 The vanes may be equally spaced from each other.



25The 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 terna}&xg%#he vanes

may have a va iS58 iR ess across their length. The thickness of the vargggmBazi'll e 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 fofin of a conduit having a depth and a 35height

WO 2011/101636PCT/GBgé%;|1%( 9.Lhe £9 ] y.be s Rﬁ}ﬁgti lly circular jn cross-section.
't éi'lF?
Alternatively, the conduit m (@ggﬁéémﬁalﬁ? %né:ﬁi{lgcu arrﬁae%rc(:)léés-sect%)r%{ U ﬁﬁaqrﬁgyaﬁggéﬁa%e

depth/height aspect’ ?ﬁ%%}ﬁ“@c}a‘r‘fﬁ@'@f’@ﬂ- S ranag Qittaaly MafsePiriResrioasly 8hdvantageously,
the pump may comprise alplinatityeofrpympmmite By isuep@tovisionrdeepump rrayt e defieed as a

multistage pump. AL leagi-aas *B5RIBisaRY aCch.A{dhe plurality of pump units may be in contact
with, e.g. abug at least ong adjacent pump Hnit. At least one and preferably each of the plurality of
pump units may be sealablﬁ)eléggjﬁﬁﬁé%efﬂlee, et S ﬁﬂ%@gléﬂg'ec?{r%ﬁ%%m,wgf%ﬁ& one

adjacent pump unitirethe BpeoAhEEHOR means such as thread and screws, bolts, clips or the like.
Alternatively, at least one ansl pspierably Rask dldhgdieralite Qfuptpibnitsmay heiseMablyihe

connected, preferalPH n@iially seatably connected, to at least one adjacent pump unit, e.g. by casting or
moulding. 15Typically, the plurality of pump units may be arranged in series. Preferably, each pump
unit may comprise one inleYRIFRANnBLAFASS BN firdgna outwardly from a periphery of the hub portion,

10 The vanes may extend outwardly from a periphery of the hub portion beyond
the periphery of the flanged portion.
Alternatively, the vanes may extend outwardly from a periphery of the hub
portion and may be substantially flush with the periphery of the fianged portion.
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 poriion.
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 variabie 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.



channel. The plurality of pump units may comprise a first end or feed pump unit and a second end or
discharge pump unit. 20Conveniently, the inlet channel of the first end or feed pump unit may be
connected to a fluid supply. The outlet channel of the first end or feed pump unit may be connected to
the inlet chann&@EHY Wdfdetent pump unit. Conveniently, the outlet channé)f:&fﬁéoég%ﬂﬁézend.or
discharge pump.unit may 25be connected to a fluid discharge system. The inlet channel of the second
end or discharge pump unit may be connected to the ouflet channel of an adjacent pump unit, The

plurality of pump units ma#further com rlselﬂ%]teﬂq{)amore |ntermed|atsee&}ég1p units. 30Typically, the

inlet channel of each inter 8&%‘&“}5 CG é c%ﬁor?éaétgcf:‘f%s%ﬁe outlet channel of the first end or

feed pump unit or to the obtEhehafnteofoadEdRRErE FiesiF Bl eRIR BRIR PR3N T8 the outlet

channel of each intermadiate, BUBHYRIMRE B atio ivaRNRARsiDIhe. histchaimaty of thersesond end
or discharge pump unit or to the inlet 35channel of an adjacent intermediate pump unit. WO
2011/101636PCT/G182011/000222 10 At least the outlet channel of the first eng or feed pUMp
unit, both the flet channefdrritasecsileththBHME| BRYLRITRIES AR, BHRTRIE AR &Y1854t the inlet

channel of the secopd fiéh di<tiseiarae puidefinediysnaayditstage serpfirst or axial portion substantially
pavallel to an axis of rotatigp ol e, IgasL ene Jaaehes: ABaH Ry njehsfiannahagesheciet channe

of each intermediate pump unit may comprise afirst or axial portion substantially parallel to an axis of
rotation of the at leaétfoselidybIRifeast one pAERRLRHIBRIANL, both the inlet channel and the outlet

channel of each pump unianEestosm priserefiratipeasinbpbmipkraii Sl B A1RY B SFRERIE of
rotation of 1Q&he atc&%ﬁé&tgﬂg,im%uﬁﬂy axially sealably connectable, to at least one adjacent pump

unit, e.g. by connection means such as thread and screws, bolts, clips ar the like.

Alternatively, at least one and preferably each of the plurality of pump units may
be sealably connected, preferably axially sealabiy connected, to at least one adjacent
pump unit, .9. by casting or moulding.

15 Typically, the plurality of pump units may be arranged in series.

Preferably, sach pump unit may comprise one iniet channel and one outlet
channel.

The plurality of pump units may comprise a first end or feed pump unit and a
second end or discharge pump urit.

20 Conveniently, the inlet channel of the first end or feed pump unit may be
connected to a fluid supply.

The outlet channel of the first end or feed pump unit may be connected to the
iniet channel of an adjacent pump unit.
Conveniently, the outlet channel of the second end or discharge pump.unit may

25 pe connected to a fluid discharge system.

The inlet channel of the second end or discharge pump unit may be connected
to the outlet channe! of an adjacent pump unit.

The plurality of pump units may further comprise one or more intermediate
pump units.

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

Typically aiso, the outiet channel of each intermediate pump unit may be
connected to the inlet channel of the second end or discharge pump unit or to the iniet

35 channel of an adjacent intermediate pump unit.



In an altemative embodiment, the outlet channel of, e.g. the second end or discharge pump unit, may
not comprise a first or axial portion or a curved portion, i.e. may only comprise a second portion
extending from the fluid passage channel in a plane at least partially and preferably substantially
perpendicular%oa?ﬂlé&?é‘sgf rotation 15 of the impeller, e.g. substantially ra%qg{ggf/ﬂsﬂ%%zﬁ%ovision, the
pump, e.g. the regenerative pump, may be arranged to have a substantially axial inlet at a first end of
feed end, and an outlet substantially perpendicular to anxis of rotation of the impeller, e.g. a radial
outlet, at a second end or di rge end, .Thi y advantageoysly allgw such to be.used or
inserted in an existing assgm%%%hg]aeir?a gtm%aﬁ?eeig?gﬁg '}5 : |g§h%r§e§%gﬁﬁﬁu¥§#£&g. h.etc')nreéplace
the pump unit of a GBATRIGRCHH BB ERMREWATIRAR Y BURIMRE HeptHEEmBht BRtab leeslithy d¥ehell,
while improving perfbanrenhottiof Beeqedrapday DisiggPpiATracRORhNgdaiing BresesitdnYestion
Alternatvely, or addiionaliaiisafale £anaek ok &idishe il anekardred puym unit, may not comprise
n

a first or axialgjortion or a_curved portion, i.e. may only 25comprise a second portion extending from
the fluid passage channefifta P leh ClalSEh PR SIS rEnaraBIN S AR A BEMS A RITR Y to an
axis of rotation of theainspeiisise a firkh cirasiataegam e nbsentigiisregadeldommapisnfitpignreosithg e stage
pump, the first or axatedionsspéthe at least one inlet channel and at least one outlet channel may be
aligned at least partially and_substantiall ralle] ta t xis _of rotgtion of the impellers 30and/or share
a common axis substant?é'?l)c/} rbea?ﬂ%f%g %ng %)%js%hterb%g%%nag??llgnfgr%%ﬁg@ chan !é:’rk Sir0R400e
embodiment of a sifjidnsbageniismpathistaarianat brréion svlHaniindy weigieoinpriseia dirstalicaxddl portion
at least partitdly anthpeeiesabbyisitassagtially parallel to an axis of rotation of the at least one impeller,
and the at least 350ne oyflet chanpelmay not compri ' ial portion,or a curved ortion, ie.
may WO 2011/101636PCT/GS 0111'%02@2 11 on yﬁf%im’g{r%e%é%ﬁ%oﬁﬁ% s, se?t"e”r?cfr?&f%m the
fluid passage chanfiefiABSPAR® &b 4BEH AR SHBIRE R S8t 5196 petivnialy peMsemartianri® an axis
of rotation of the impallenByosugisprovisiond therpungxierdinthéaregen euativespugeharagibie arranged
to have a substantighiyeaxialdoleliaficlendroliapd prd A6, JRALiesstantially, & fsfpendicular

to an axis of1%otatiooq ?gethie imﬁ)eller, e.g. a tradja\l outlet, at a second end or discharge end. This may
advantageously allBw SuchBump foohe B SPINSBREY inBh ARG LNy AR AnG Sintl&r feed
and discharge confRf@RiBHeLy D repydeeatienpadie havect sucelatiitiiyakiplimigt assdinsbbpgdvithout
requiring re%lacem@ea ehthamasingLosshedanhile i&ﬁf%&%lﬂ?fé@ﬁﬁé&% @m@ Bufm?iwet&%m a
pump according to_10t in ' In temative odiment of a single stage pump,
the at least one ou?lj'gct) gﬁ%%‘%f‘ﬁ%‘y %%%gﬁg’édaeﬂ?s%po%%%gf eo?ﬂ%mﬁe%?i ?J%’r ﬁﬁ?fegﬁﬂypar%%grably
substantially paralf{d Biiaxie Sergesioff JRERRes: o286 BYaling Ferembin bariesaainatastierd bt
channel ma30Onot cdewpege adirigwativtakpottionmsce tur\Renpartioo!, 4 esitifyyal DRlyaeemipiise a

second portion extgaeingrGaumge i prssagrih aanrb B ARANGALIGASLARL IAlNoARg pLelprably

substantially perpeFFdicuIar to an axis of rotation of the impeller. Conveniently, the connection

between an inlet chEREIHPLAIRS BHRRAGF TR R GRS EMIPSRRiacent pump unit may be
provided through their redfirrortiueiiseraisitoxialyp trtidne. charfibiefiesy chafisl purtofeobamieast the
gutlit channel of th.eif[ir&ta@n.gbprctﬁﬁﬁjggrapﬁbgait@,atgj@gs;)g?ﬁ,jglart] gf‘@;ﬂf‘g@l %g,qlgbﬁlsg&on,g @q;}or
ischarge p unit, and qpti Wi the inlet chan nd the outlet channel of each of one or
more interr%ggiate%ﬁr%p gu%l%%l;rlnﬁg Eglt(g? %%“s_!ﬁ%?rtiiﬁ?y'qaﬁﬁ’gn”é%”éﬁ%ﬁ?é’j‘ & %d%gt%ﬁﬂ%ﬁy lEg%arallel to
the axis of rotatiorPBHfe FHRIRIFERN ISP RalRIn aRsrEURHIRIOA axpxis ehatEiBR R thaiamelieo the axis
of rotation of the impellers an arygieabyt toefirstgromxialipariiensef thenniesandauietichasnels of

each of the pluralty gAY Mewhe-icnersubslanlialupialieLia @i plaokqR of the

impellers and/or share a common axis substantia Para el to the axis of rotation o
aligred at least partially and substanfially parallel to the axis of rotation of the impeliers

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 parially and preferably

substantially paraliel to an axis of rotation of the at least one impelier, and the at ieast

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



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 centréfh#igig§1&6ch that the impellers of the plurality of pump unf éﬁ%’f@%{m&?@
2011/101636PCT/GB20111000222 12 common axis of rotation. By such provision, the plurality of
pump units may be configured to optimise the compactnéss of the pump. Advantageously, the
impellers of the plurality of pump units may he connected to a drive shaft. Conveniently, the drive shaft

and the impellers of ®é FATIRIIRS BERCARD AR RESSRG & e iR Mot ResRaee SRsh "hE'aRleter of
the shaft may be in thestr@adietyf 48 30éerbthettstapiirtio nadienitelaritisato Hes widetstood ik the
dlarFet?_r of the_ hub iﬁt;?;%c@ﬁ'éétﬁ @%ﬁkﬁ%ﬂ%ﬁ@ﬁ,@ﬁ%‘?ﬁ%&@g Mtﬁgﬁeﬂﬁ%ﬁgv&%%%%?'wé?ﬁﬁb@d to
application envisaged for the p ..In applications requiring ultistage pump comprising.a low
number of pump un g‘,’%ﬁcﬁug %%)%}Pﬁgli}'rﬁﬁgapfgﬁ? E.aé?agfa”ésqtlﬁﬁn%?g%&neg 'o?r{%r%rfn%ub%etagr)%oségstfatlhe
diameter of thé shafeseienfieutsr tiacadiaxiscreiotstinneoh thy FoPSIE ey Beafightiviay shiasesend<sad
minimise the overalbw@ight:@ktbedpUrnie MBycanERSH40LRRIRAISDEBIHY G ddedbtiiissageipump
comprising a high n r.of pum its, such. lectrical s b or, .g. oll gas
recovery, the diame%gr]%%ttﬁg 5%3??’}%@535’%%h’%ﬁ%?a{%&%gt%?‘%f‘l’ég‘geﬁ{% pé)%rr@ [r]?grﬁgt)]/ gés 'r%?a%\%lghigh SO
as to be capable of WRIRRHAY Righ FRBIEHIAIRHTB RITEMEY, &1 oML ARRCHRPA RIS the
shaft by the driving cdsinbighsheinbisiieafiprovipguritirhlecefolrthethercime nsianzofting sbaftd2Q trelative
to the dimengjign of ghe AGKliomgaay 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 tt
affecting the performance'3ritfl GRS gm%g'ﬁiﬁ%?ﬁﬁfegiﬁ/,sfﬁ%ep?ﬂ??&r‘?{‘%aﬁﬁ?&igaea?%%st two,
e.g. two to three hupkthrentR Sprimpamanss, ar firbrer Itsao bertinndatsiear! thatitie @t beeiefadymp units

selected in a multistageiseaanarative RHBLRAY: dapsnd P et iyae ehappliemionnwsagrddor the

pump. The casing may complize.ane, or MOLe SASNOHS: SIS1eEAR e CARRG SN ompdse @
plurality of casing units.

15 only comprise a second portion extending from the fluid passage channel in a plane at
least partially and preferably subsiantially perpendicular to an axis of rotation of the
impeller.

Conveniently, the connection between an inlet channel of a pump unit and an
outiet channel of an adjacent pump unit may be provided through their respactive first

20 or axial portions.

The first or axial portions of at least the outiet 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 afigned 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 paraliel 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 paralle!l” will be understood herein as exiending in
a diraction at an angie in the region of 0-45°, preferably 0-30°, more preferably 0-15°
refative to an axis of rofation of the at least one impelier,

Advantageously, the plurality of pump units may be configured fo have a
commeon centrelineg, e.g. such that the impellers of the plurality of pump units share a



30Each 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 qr discharge
casing unit. W9 204 4M6¥636PCT/GB2011/000222 13 The first side 6FtH& et end or feed casing
unit may be substantially solid, and may comprise an aperture connected to the at least one inlet
channel of the first end or feed pump unit. The sedénd side of the first end or feed casing unit

may be connected, e.g. Ssealably connected, to and/or may bg in ghutment with, thefirgtsidg of an
adjacent casing un?EmmOFTrﬂé"§e%}:)W&a§ﬁi’e og {'hé%ﬁstp é%‘&sé?r}(‘ feg1 ﬁ%gyunitpyﬁ”ﬁ%/ coimprigz part of the

fluid passage chanreffigheditstopticior feedogtiapingan Of the PUMKE first side of the second end or

discharge casing unit may Qg gesaReletnd (e isaadainhe eansegigduommdiommayseeimelRitment
with the second side a adja}g: t casing unit. The first side of the second end or discharge casing

unit may comprise UL N uid passage channel of a second end rhdisi:haﬁﬁ,eﬁpu[jnrﬁ u&H'hs
The second Side of the s&sswaN&tYortfsERd Gothant NRilRE)AH Y sLtSStEhtafly 8418, and may
comprise an apertur@ycehaneateshimdhenas lastabore outlet channel of the second end or discharge

pump unit.  The pluralify ofcasing ypits RNk HE)esCRMRAKiseaL l6R.5t.00% iptenmadiatersasing unit.
Typically, the first side of the at least one intermediate casing unit may be 20 connected, e.g. seaiably
connected, to and/8iBM&§ e in abutment with the second side of the first end or feed casing unit or to
the second side of an adjident tetendreslicae basihe dintoeter of {fisiCaRyARye fﬁé’@é{fﬁ’ﬁﬁtiﬁ&&g& the at

least one inigymedigle GaRIBA Wj ety kesaeciod meyasprislly eovsesiédptalmaiormmalibe in

23}22%? with the fé?&tii'a%%nzssr%fqturi'r?ng%cn(%%s‘?é‘gde Qs RRFR AU HRBEPE-tehideehan
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 relatively small so as o
minimise the overall weight of the pump. in contrast, in applications requiring a

15 multistage pump comprising a high number of pump units, such as electrical
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 stfength, imparted to the shaft by
the driving of a high number of pump units. Therefore, the dimension of the shafl

20 relative to the dimension of the hub portion may be adapted to suit particular
applications, without the need to aiter the dimension of the impelier 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 comptise 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
discharoe end of the pump.

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

second end or discharge casing unit.



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 c¥4g1AAAGY comprise part of the fluid passage channel of’ STﬁﬁﬁ%ﬂlﬂfﬂ?ﬂz%d 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 b& formed by providing at least one impeller
between the first side of a casing unit and the second side of an adjacent casing unit. WO
2011/101636PCT/GB201Trg0shsideof theAwma@mﬁwfwaf glae b5 seeslani lifethd e
second side of an agligcetgaszing wtinayaompiemetitondsasiotheintet asatoéoitinériiuidheissage
channel of the corrqgggg Ing RKYmp unit. Advantageously also, the first side of a casing unit and the
second side of an 5adjacent casing unit may complement one another sp as to form the second
portion of the at least one TAREEHMIRD G %ﬁa‘?{ﬁte%? e BB rEBB0R AN %ﬁ%%eu?ﬂ?.nem heYirst side
of a casing ursit andstsasgcmmdssite, dbaamaidjatantieagirepuimenayitbdhepfesh sieorfeaartstiae?€o as to
further form the curygdpqution of the at least one inlet and/or outlet channel of the corresponding
pump unit. 10Alternatively, the curved. portion of the at le ne.inl - e
corresponding pump unit Wgyssgoﬁ' o%’fgeea#\c/{vgﬁnffﬁ%te ré%g{a(})%rt\eeg ggﬁ%ﬁgc%g%g t%%ﬁé%ﬁg%?%%%f%@
Preferably, the first bfichnpgrpes ibanGLtE Bl 250 Eerfldiuaitifdi outlet channel of the corresponding
pump unit may be providerhwithinssidegsheneahtheradaatatibogasasinynitst may Deploaligete first or
axtal portion ff the g1deashign \nishangkor 8 lighcrVRRD SbOh E-ATERPARKINE R4 uinay be
partially and preferaeb%/ substantially parallel to an axis of rotation of the at least one impeller and/or
share a common addReASEAHM Y Parallel to the axis of rotation of the at least one impeller.
20Alternatively, when the Tideinstt side dflee ardsod eutialrchssmaed <l capiot coih prsecanysisseippéition or a
curved portion, .90k, GRRISE AhliFslPbaxialBRItion dhediisdgs yiapRARtion of the at least one
inlet and/or outlet channel. may be lEroviﬁged it an an%Ie crjelar'%icye to Hi}‘%ha)éise 01; argi}_latiounmxt)f rqg? q?éeast
one impeller to allow for cOMheRIEADIIRE 5t '6F aXiar porfion of the at least one Inlet channel of a
pump unit with the fiststaBtiafyssaid. prndiorewctiecHs e FBRIEUBUBRINGSEATHIE! BF 2 laapheaRtplifhp unit.
Typically, the first opreabiRRHiI@RLRbHE:Al Isastneynlrirgndiar outlet channel may extend in a

drecton at an angle I (2o 10512, /eIl PR MEr AREIREY el umlafi fagas o

rotation of the at least one Im r.In"an altetnative embodiment, when the at least one inlet and/or
outlet channel 30 &8 Edmprise a second portion or a curved portion, e.g. only comprise a first or
axial portion, the connectidyplzeliwern tiretatideast theesdnlesshaméltefreepiatap-asiitcanditifanti@ast one

outlel channghof an,aiacen! PUTBD L B3 BBRIQUIRIIPVRUCE ¥ IRaShoRGARIRESHan PO

connecting the first or axial portion of the at least one.inlet channel of a pump unit with t '{ tor axial
portion of the at leagt Bi§d '@Eﬁ@? HARRRIBPLR YBL8] elr% puD SIS P& Belent Hehtells

casing unit.

Typically also, the secohd side of the at least one intermediate casing uni{ may
be connected, e.g. sealably connected, fo and/or may be in abutment with the first side

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, eg. sealably
connected, to and/or may be in abutment with the second side of an adjacent casing
unit by conventiona! 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 fiuid
passage channe! of a pump unit, and the second side of said intermediate casing unit
may comprise part of the fluid passage channe! of an adiacent pump unit.

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

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



WO 2011/101636PCT/G82011/000222 15 The at least one connecting portion may be curved, or
~alternatively may extend-at-an-angle relative to the axis of rotation of the impellers, e.g. at an angle in
the region of 0-45, preferably 0-30, more preferably 0-15 relative loan axis of rotation of the at least
one impeller. SFREHIAP1E¥ch pump unit may comprise one inlet channel hd 5RE Yt ehannel.
Typically also, one impeller may be provided between the first side of a casing unit and the second
side of an adjacent casing unit. Typically, for a pump corprising N pump units, the corresponding
number of 10casing units may equal N+1. The at least one casing unit mﬁ\{ have a diagnet)pr in the

g 2 O

range of 20-1,500 mm, artetopiReasHavtHas ditjesiEsGIs0GIRAE YRE 39S BFeES

t 378 Casing dnit may have
a thickness or heighidjactie casige afitl Bajl toOpEmesndny Beetprisaies reneotBOIBBONFRFAIES The

impeller may fOtatec%'g%w&%%gggl@g?Mgrﬁg}@‘plgw{se. Preferably, the impeller may be capable of
being rotated clockwise and countercloc WIS%§3¥f§%C% r%;owgég@ %tihg% PUmpymay c%ﬁd@iﬁg ip a.first or

normal fluid direction and h7*4SB8EHE b A1 EF ction. allows a user to reverse the
direction in which adtiadsist besing puhpedcan PR AN GTSIHRIER 288 [HEsEiF 8558R AT B veen an
outlet and an inlet qf,gach4f the Mdeastanauaranibl sney beresteedaggens ait00, and typically in
the range of 1-10. Accﬂ]redﬁ%% oa %ggoga%igg%ﬁta e gre%g@tgﬂ\éegtg}pa@]gggnlﬁogmqm a pump,

such as a regenerative pump, the pump comprising a plurality of pump unijts, at least 25 one and
preferably each of @Y RIFRIFEFH RSP iriitE Pt 'éeéééi'ﬁgp ﬁgﬁfﬁr‘i}ﬁﬁoﬁu%sﬁé aartlr{éealsgr fluid
passage channel; agyt atideasdionauispebeng wttdesbirespientirg cagipgftr pumping the fluid through

the fluid changel or fluid paaSAGRCNARBElved PHREFEINHAGCRINGLOMBr HFRLIRRSLAREENIEL Channel
and at least one outlet channel in communication with the flu{ if(1:h§1lr%nel or flé{,i{:rl‘ggg.%

. . el, the
at least 300ne inlet RAANBTRATHIT HHERFISALFHRR RSBHEPL HERRS S Tomprising a%&s?%ial

portion at least partiaitg.and preferably substantially parallel to an axis of rotation of the at least one
impeller. Preferably, the first or axial portion of the at least one iniet and/or outlet channel

of the corresponding pump unit may be provided within at least one of the adjacent

15 casing Unis,

Typically, the first or axial portion of the at ieast one intet and/or outlet channel
of the corresponding purp unit may be partially and preferably substantially parallel to
an axis of rotation of the at least one impeller and/or share a common axis substantiaily
parallel to the axis of rotation of the at least one impeller.

20 Alternatively, when the at ieast one inlet and/or outiet channei do not comprise
a second portion or a curved portion, e.g. only comprise a first or axial portion, the first
or axial portion of the at least one infet and/or outiet channel may be provided at an
angle relative to the axis of rotation of the at least one impelier 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 outiet channel 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 1o an axis of rotation of the at least one impeller.

In an aliernative embodiment, when the at least one inliet and/or outlet channet

30 do not comprise a second portion or a curved portion, e.g. only comprise a firs or axial
portion, the connection between the at feast one inlet channel of 2 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.



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 35relative to an axis of rotation of
the at least one impeller. WO 2011/101636PCT/GB2011/000222 16 By such provision, the at
least one and prefertbiyiech of the plurality of pump units may be sealabRCEEriretBI82Preferably
axially sealably connectable, to at least one adjacent pump unit, e.g. by connection means such as
thread and screws, bolts, clips or the like. 5At least one &ihd preferably each of the plurality of pump
units may be in contact with, e.g. abut, at least one adjacent pump unit. Alt rré?ti\rgelyb%te;]e st one
and preferably each of th@pwdtastcMBUReNeFtits m%”é‘@’aﬁ’ﬁkﬂyr&%ﬁé&@m%?’e rably axially
sealably connected,g-atlgastanr asiacenisnimpatioit cttye bypetisting @ratrAGGG M ITPHeIE least

one inlet channel agpé%éh%,%%%ﬁ&@&%@% 6RaRelBasbRRGIPRIR A6 b Slalbpassage channel

and/or the casing of housing. The second portion may be substantially radial relative to an axis of

rotation of the at led2asbABRIMPEIRT. Alternatively, the second portion may extend from the fluid

passage chamnel in 15a dingesion, naichassing tiougly earisefderatish shaRBShEABR N Hibeller.

Advantageously, thﬁgg%&nd portion may extend from the fluid passage channel in a direction at least
ys

partially and typically substantially tangential tg a direction of fluid f ith dhesflvig-rassageghannel
or to a direction of rotation W'?H@’&ﬁ‘égﬁe&n %&?‘f k??aagéceo ! Vﬁ%lér%?gr%%ea% extend from the fluid passage

channel in a directionitaridist sensrallyideef efprciareateRtaa iy tangential to a continuous fluid flow
between the second portiqgﬁ&qﬁf@,fw@ﬁ@ssagﬁr@mﬁqbuap suith e \dsiespbrditeweneefl@id into
‘and/or out of the fluid passage c annel may be improved, e.g. reduction in fluid pressure on entry into
/ exit from th¥fluid 63‘{3@%53‘%%?%%1 May be minimised by 25provision of a smoogl—bt Uidgnge between
the fluid passage channel ASEtIRASESTRPBIISH 6?%8%(&8&%?’8%8’% L5GRT Buittet Shannel. Thus,
the efficiency of thegaympisanyibeenihaacedo-500Typically the second portion of the at least one inlet

and/or outlet channel mayTﬁétgﬂgaf%fmeﬂagS{Mq,R@ IR.ChannekirA plareat ileast pageadlyiand

preferably 30 substantially perpendicular to an axis %%géion of the impeller, in a direction at an
n

angle in the range of'88 FTLEIA AR AR §isH A U

inuous fluid flow between the second portion
and the fluidyzassage chafineline@0 fradialite clockwipe andRPCAEIEHEIUENIRE as or comprise a
multistage pump. By suchgravisignitae-syaialhisgrtereance of teeguapadycheismprdvediehile
optimising the 35(:02?0%?«:%?35%? fsfxgr? ;?rg\rr?é?éneigé %%%%%G%@'E?e&oiﬁmﬁmpﬁkma% fiuig direction
and in a second or reverse fiuid direction. This allows a user to reverse the direction in
which a fiuid is being pumped as required.
20 Typically, the pressure rise ratio between an outlet and an inlet of each of the at

least one pump unit may be in the range of 1-100, and typically in the range of 1-10.

According to a second aspect of the present invention there is provided a pump,
such as a regenerative pump, the pump comprising a plurafity 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 impelier 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 ane 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 outiet channel each comprising a first or axial
portion af lzast partiaily and preferably substantially paralie! to an axis of rotation of the
at least one impeller, _
The terms “axial” and/or “substantially parallel” will be undersiood 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.



WO 2011/101636PCT/G82011/000222 17 Typically, the pressure rise ratio between an outlet of
and an inlet of a/each of the plurality of pump unit(s) may be in the range of 1-100, and typically in the

range of 1-10. The corresponding features described in connection with the fTi/ratB%%p 862% the
5invention may 8RB AWA%o the pump according to the second aspect of the’ mvention, and are

therefore not repeated for conciseness. According to a third aspect of the present invention there is
provided an impeller for use in a pump such as a pump #ecording to the first or second aspect of the

10invention. The at least one impeller may comprise a frame, and a plurality.of v extending
outwardly from a peripheRY éf"ﬂ'i‘é’f?&ﬁi%’.‘ﬂyh% e ﬁpaeyaﬁ'rg Bhglfjgarﬁ@ ygﬁaa%ﬁ;%y%%n?@é%m (ﬁf?gﬁ 4
Typically, the at leasitomesimpelisiabipyouregese. aorefameey ergtineepirbln6orsrsHRe olo1®- 883!

preferably in the range of 20:3Q, preferakly appeeximaately Rearkhadreseenneay sodyrieesatisih portion
connected to the shaft at or near a substantially central portion of the frame. The diameter of the hub

portion may be in tﬁ'é’?é’ﬁﬂéeé’F%‘-SOO mm, and typically in the range of 10-400 mm. 20The ftraréne may
further compéise a flange@tpeasiomnend BrpferReradT PhER RIEHiRUMP, AL BREREHIS Ut nd

outwardly from a pgxirhegy sfthetnifipeeiadadare pamesimay extend outwardly from a periphery of

the hub portion beyo_nd thﬁtg%ripp?rya?[egkg J@&?@&Q{éﬁﬂiy%’%{l\t%m@%ﬁmitm yargumaynextend
outwardly from a periphery of the 1 d b

: e b J)ortlon and may be substantiallé/ él%ghawggsgh% QEQEQ&(@’.N the
flanged portion. Altesriedaily, tReTGEABSATIRT APV RFAIRRY 3RS Peripfiery of the hub portion
inside or within thepetipheryeqf thecHstinger portidng.

10 The at least one inlet channel and/or the at least one outlet channel may be
peripheral to the fluid passage channe! and/or the casing or housing.

The second portion may be substantially radial relative to an axis of rotation of
the at least one impeller.
Alternatively, 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 impelier.

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
fiow with the fluid passage channel or to a direction of rotation of the at least one
impelier.

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, eg. reduction in fiuid

__pressure on entry into / exit from the fiuid passage channel may be minimised by

25 provision of a smeoth guidance between the fluid passage channe! and the second
portion of the at least ocne inlat 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
exiend from the fiuid passage channel in a plane at least partially and preferably

30 substantially perpendicular to an axis of rotation of the impeller, 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 channal) to 80° (radial).

The pump may be defined as or comprise 2 muitistage pump. By such
provision the overall performance of the pump may be improved while opiimising the

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



Typically, the vanes may extend substantially radially from a periphery of the 30hub portion.
Alternatively, the blades may extend at an angle from a periphery of the hub portion, e.g. at an
inclination of 00-600 from the radial position in a forward or rearward attitude. The vanes may
comprise a first81d&tHHY H%econd side. 35The first and/or second sides may 5 &UbS8Atally flat or
planar. WO 2011/101636PCT/G1120111000222 18 Alternatively, the vanes may be profiled and
may comprise, e.g. aerofoil, twist and/or other profile cohfigurations. The tip of substantially

diametrically opposite vanes may define an outer vane tip diameter, 9T rs ip.diameter may
be in the range of 10-1000¥RIFA AP PpEaiy iﬂ%‘é‘%‘éﬁ"&@%?%&% ﬁ%r?? .%F%ég%é}r{}%ggrﬁ”lt?; r!%vei a
e

substantially uniforndhickaiessfacrossititéir feniger. e mieret), 'tV SREdRIc MBS F88RHE
thickness across theis dength. The thickness of the vanes may be in the range of 0.2-20 mm, and

I e O rniame e HadRa Rl e AT RYAAMRTRE AR MAlly Gy

units. Conveniently, tﬁ@eiﬁ%eeifgrs 0 urality of pump units may be connec ed.to a drive shatft.
Preferably, the drivésfmiframeytalsarApRHAPi BHERFSHS I SURGSERI ARP TR AT N ORIMmon axis
of rotation. The,gigspeiasebibagheafemay foecimtireressge of 10-90% of the hub portion diameter.

It is to be understood that the diameter of the shaft relative to the diameter of the hub portion may vary

depending on the application envisaged for the pump. In 20 applicatiops requirin: Ultiskagie pump
comprising a low number HFGRRT Brad i AP Bﬂg SURNpS 6}'?%&‘0&25 ﬁrgllﬁtrea‘éﬁa?jnge?‘s o?turbine
gearboxes, the diamgtesofithe sivat setitive tothomarpmrOtHENF B ETTRF IR FeritV8ly small
SO as to minimise tr?gvgryt%rrgll weight of the pump. In contrast, in applications requiring a multistage

pump comprising a high number of%)‘;éng #Qr;'}%; §ur%$gat%o%;§_gg@cgl f%%gygwgiglgm%maﬁ.g. oil

and gas recovery, the diatf&et JF e Tha elative e diameter of the hub portion may be relatively
high so as to be capatstedivgwittvetedholiog [ gaT RN &AIERI@Tfstraints, e.g. torsion strength, imparted to
the shaft by the driving of pRigihssmBesOEQumspaitsl fidrerafarettibe dimension of the shaft relative

to the dimension of the hub porfionfay; he, dgatafhiashikagishiats3Oanalisionsiebautbe need
to alter the dimension of thé

impeller itself, casing, or the , .
15 range of 10-50, preferably in the range of 20-50, preferably approximately 30.

The frame may comprise a hub portion connected to the shaft at or near a
substantially central portion of the frame.
The diameter of the hub portion may be in the range of 5-800 mm, and typically

in the range of 10-400 mm.
20 The frame may further comprise a flanged portion near a periphery of the

frame,

Typically, the vanes 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 autwardly from a periphery of the hub
nortion inside or within the periphery of the fianged portion.

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

30 kub portion,

Alternatively, the blades may extend at an angle from a periphery of the hub
portion, e.g. at an inclination of 0°-80° 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 substantialiy flat or planar.



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. WO 2011/101636PCT/G112011/000222 19

According to 28 4%9é¢t of the invention there is provided a casing fof GS& 4 Bt according to
the first or second aspect of the invention. The casing may comprise one or more casing units.
Preferably, the casing may comprise a plurality of casing€units. 5Each of the plurality of casing units
may comprise a first side facing toward a feed end of thgfr#)ucf’n ,and a secrg)sndgideaéag%; t%‘é‘{ard a
discharge end of the purfifterialisliralle, "areadiny bR ISy 2ABReETRTsEehid & feed casing unit
and a second end ardlischiaegerciisicgpiinitaibine. first side of the first end of the feed casing unit may be

substantially 10and may ¢ampH3e %e’%&ﬁfék}: Qiaaesind dedhaaldraskapaliilel ehannehahthe first
end or feed pump unit,. The second side of the first end or feed casing unit may be connected, e.g.

sealably connecte(ﬁif’tai%[ﬁatﬁ)rr may be in abutment with the first side of an adjacent casing unit. 15The

first side of the second erdfthouisthangdrcdsmet MR e e rmsesl ! & P 8eampi¢ omidlted, to
and/or may be in aputBesigaith sbesseeand side an adjacent casing unit. The second side of the

second end or discharge Faslg Lnib R, RS SUbSIAMIA Sl AR, GamArSE @Ry aperiure

connected to the at least one out annel of the second end or dischar%etgurqg umt. The plurality
of casing units may furthéMEgmaprRde HEIKEESSARYiRRYmTcfLRRIe thickness acrass their length.

The thickness of the vanes may be in the range of 0.2-20 mm, and typically in
10 the range of 0.5-6 mm.
Advantagecusly, the pump may comprise a piurality of pump units.
Conveniently, the impeliers of the plurality of pump units may be cornected o a
drive shaft. '
Preferably, the drive shaft and the impellers of the plurality of pump units may
15 share a cormnmon axis of rotation.
The diameter of the shaft may be in the range of 10-90% of the hub portion
diameter.
it is to be understood that the diameter of the shaft relative to the diameter of
the hub portion may vary depending on the application envisaged for the pump. in
20 applications requiring a muitistage pump comprising & low number of pump units, such
as oil pumps for, e.g. gas turbine engines or turbine gearboxes, the diameter of the
staft relative to the diameter of the hub portion may be relatively 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 submersibie pumps for, e.g. oft and gas recovery, the diameter of the shaft relative to
the diameter of the hub portion may be relatively high so as to be capabie 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 impetier itself, casing, or the
overall dimension of the pump, thus not affecting the performance and efficiency of the
pump,
Advantageousily, the diameter of the shaft may be in the range of 20-80%,
preferably 50-90%, more preferably 60-80% of the hub portion diameter.

35



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 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 on&etiiddiate casing unit may be connected, e.g. sealably E5AHERtEH/ Y HAd/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 30intermediate casing unit. Typically, the first sifle of a casing unit may be connectable,

preferably axially and/or sealably connectable, to the second side of an adj t.casing unit, g9, by
connection means such AA¥ERY iha QYTWREPEEE @meven{ € ke duieed o easlig teHLs

sorthel
2011/101636PCT/GB2Ak100022Ma 00 the Alkbenativasty atresat &@E"¢MEi¥asing unit may be
connected, preferably axigfly anglgrsaplakiysenrnededote iagrgpeard side of an adjacent casing unit,
e.g. by casting or moulding. Conyeniently, a pump unit.m QY Rigydding at least one
impeller Sbetween the firé?@fafeag at%%gi;r%gg ﬁ]?’éﬁ%ﬁ%ﬁgec%%%ﬁgfg % an adjacent casjng uE?it.
Advantageously, the first St of &heasiiaiif SATNhEREIEHY SHIPEISA Y8l Lh{ GG it Pay

complement one angiherseraslafarmshefkicopaseagechatmervbiticcoorsesporiditig purip unit.
Advantageously also, the.fist gid 1 CASIRS MU ARV ARG REQNATIdR. aBeUadiAg el aasiag uni
t

may complement one anot 2 So as to form'the second portion of the at least one inlet and/or outlet
channel of the corré8paHtiig PLFIHENHRE TR 8T Side of a casing unit and the second side of an
adjacent casing unit may Taaplersieatodtre drmtirer ots eefurasno forhnae beSEgtpFEnSetdhe at

least 10 and may comprise an aperture connected fo the at least one intet channel of the first
end or feed pump unit.

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

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 aperiure connected to the at least one outlet

20 channe! 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 of to the second side of an adjacent intermediate
casing unit.

Typically alsc, the second side of the al least one intermediate casing unit may
he connected, e.g. sealably connected, to and/or may be in abutment with the first side
of the second end or discharge casing unit of fo the first side of an adiacent

30 intermadiate casing unit.

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

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



one inlet and/or outlet channel of the corresponding pump unit. 15Alternatively, 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 cH&Y&14163€ corresponding pump unit may be provided withirl SEEAPBHE of the
adjacent 20casing units. Typically, each pump unit may comprise one inlet channel and one outlet
channel. Typically also, one impeller may be provided b&tween the first side of a casing unit and the

second side of an adjacent casing unit. 25Typically, for.a pump comprisin its, J
corresponding number of%%ﬁ?é"(?mté%zg?te%faﬁ\?-E?i'.n%ﬁég%ﬁaya%pg?{énggwgfﬁ Fgﬁ{% rgl*g?/aﬁga@e a
diameter in the rangedéir2@41:00 smeeiad, tgplbalSPRPIReSEMGE o1 SOIBBOIGAS "ehB Yt fe8sPbne

casing unit may havgsadhigknssaigg. height in the range of 10- 301100 mm, and typically in the range
of 50-550 mm. According doa fifth aspect of t@figwgp@g%pﬁég I, Rrvid: g aelhbore GepYgsing at

least one pump according Pomfﬁgl?lrs)f’oar Eec nd aspect of the invention, The wellbore,ma‘}/ ,&:omprise an
Artificial Lift Systen®¢mies) tsriftisifg %@eagrauaha i kA s S0 It RIS PRNS Y aspect of
the invention. WO 2(111/48636RGENGBR0 1086228 21cEypialty, Brd Wellisere/Artsfitiadi 0 System

may comprise an Efgctrical Submersible PUIRRERSR) oTaRMAEP fHas he drivendyanatesdsrough a

driving shatft. , .
channel of the correqundmg pump urnit.

Advantagsously also, the first side of a casing unit and the second side of an

10 adjacent casing unit may complement one another so as to form the second portion of
the at least one inlet and/or outlet 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 1o further form the curved portion of the at least
one inlet and/or outlet channet of the corresponding pump unit.

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

Preferabily, 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 iniet channe! and one outlst
channel.

Typically also, one impelier 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 wallbore
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 lsast

35 one pump atcording to the first or second aspect of the invention.



The motor may be electrically operated, and connected to a power supply such 5as surface power
supply by electrical connecting means, e.g. electrical wiring or cables. The atrtificial lift system may be
provided within a casing of a/the wellbore. The casing may be provided with a supply portion for
allowing a dovifie fiithifside the casing. 10The artificial lift system mayPsé R thb &8atpped 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 as2d fossil fuel fluid, e.g. oil or natural gas.

Advantageously, the pump may comprise a plurality of pump units. 15Typically, the pr ure ise ratio
between an outlet of and Bxpieadt. ofigesebsraHatiRiRhI orYEIRE Uit s)cr%rg%%% if h?rganbé of
1-100, and typicallysimthediprgruebXeRP)Typically, the incremental gain in fluid pressure provided by

each of the plurality of pump BU'% mg\y&edméh%{%r}get&f RR@A0nsingdrypically in the range of
50-100 20psi, when used for pumping oil. Typically, the operative rotati S Lmp may be
in the range of 500-25,00@%m?ﬁh@WﬁEaﬂ\?ﬂﬂ%@ ?gﬁf;aég §1‘ éﬁo@%&%%%#pﬁsa%%ms&cording to a
sixth aspect af the iwentiecetipereis prVided alescairsESHBAGIFREDH o & ESHRHAY 4t 9ast one
pump according to thefirst or second aspect of the invention. Advantageously, the pump may

comprise a plurality of pump units. Preferably, the MR, SARmpLss st deashenedagtingrsection for
pumping oil from an oil re$ ?v%"itn&i%aﬁ% a‘é\gst_et'ﬁrgﬁan%ggr%in\}_eﬂa.%ﬂhe at Ieastﬁon%f eding section may
comprise 2-5 pumpcasiits, ety icaifed witing LRRY, portion for allowing a downhole HIUIETINSIAS

casing.
10 i 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 & plurafity of pump units.
15 Typically, the pressure rise ratio between an outlet of and an inlet of afeach of
the plurality of pump unit(s) may be in the range of 1-100, and typically in the range of
1-10.
Typically, the incrementa! 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 oll.
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 ofl pump comprising at least one pump according o t.he first or second aspect
of the invention.
Advantageously, the pump may comprise a plurality of pump units.
Preferably, the pump may comprise at ieast 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.



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 35typically 3 pump units. WO 2011/101636PCT/GB2011/000222 22 Advantageously,
an outlet of the"™® RAY YA scavenging section may be connected to a filtsF MERHE & 4n 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 5connected to dad/or driven by a common shaft According
to a seventh aspect of the invention there is provided a gga,'box lubrication sxstem €0y 5;ut.[;g)ine

gearbox lubrication syster3¥1AEFRIAY a2 Siinf' atRBrdily T61he ?fr cs)?(:s,tgcpn aspect of
the invention. 10Prefasadgdtheagi@rbosahheantimasystaepamaipicongsizds KM e siRe 885 ox
lubrication system. A va%tg}g,%gg}%g{,,. the pump may comprise a plurality of pump units. Typically, the

pump may be located within a nacelle of the wind tutbinge. Preferabl D,"RaMiSomMBriee at least
one feeding section for p&‘?ﬁ}’ﬁ@‘%ﬂ%éﬂ%%}%ﬁs& rr‘%s%?véﬂ? t%efﬁ%glg%@rg})%\%@r’igationl systggm. The at

least one feeding seotioscterhlp eotp sk By FUPARTARS ERd 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 OH\ resenvoir. 201he at I8astone Feayenging SRAHIGH RsVHEaMPaERL2:0 pump
units, and typically 3 pump Units. Advénta eously, an outlet of the at |least one scave ig]sq §§e‘:ti°n may

be connected to a fisicatieas¥sHToras tAd BTG GROMGFGEIR B TR o fYREER G Comveniently, the
at least one feedingmeglianatdseavefiging seciivrasmayt vét2Srwankrted to and/or driven by a

common Sha{b Preferably, the gearbox lubrication system may comprise a wind turbine
gearbox ubrication system.
Advantageously, the pump may comprise a plurality of pump units.
Typically, the pump may be located within a nacelle of the wind turbine.
Preferably, the pump may comprise at least one feeding section for pumping oil
15 from an oil reservoir to the gearbox fubrication 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 reservorr,
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 seclion may be
connected to a filler means prio? to the oil being discharged inte the oll Feservoir,
Conveniently, the at least one feeding section and scavenging section may be

25 connecied to andior driven by a common shaft.

According to an eighth aspect of the invention there is provided a process
manufacturing apparatus, .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,



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 watéopimgagisaratus, e.g. a mobile water pump apparatus, corhpfigiit {445t 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 35apparatus, e.g. a tradler, or a vehicle such as a fire engine or
water tender. WO 2011/101636PCT/GB2011/000222 23 According to a tenth aspect of the
invention there is provided a fuel pump apparatus comprising at least one pump according to the first
or second aspect of the inyenfiging The:fugitpuspeapparatusvaaiobdifitedst@ovidesy TdrapALERAN

automolive vehicle, &0, a1 QNP MO0 e pAEECICLDG IR RRLEN asiAglaahibedneniion

there is provided the'use ofa pump according to tﬁe first or second aspect of the invention in a
wellbore. 10The well¥BFE%hay comprise an Atrtificial Lift System (ALS). Typically, the wellbore/Atrtificial
Lift System mgy compriseTas Electiioab Sypbanatsibie P b S R) oT eapLARBRIES, B BAVERIT a
motor through a driying.shaft. . automoli0€ SRGHY. May be electrically operated, and connected to a
power supply such 15as 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 poAisariiraltoirRisetenafi R ﬂfﬁﬁeiHﬁ%'?ﬁé%%iﬁg‘?r%%ﬂé?tﬁag?ﬁﬁ
system may be furthereqiip@rgwitihéfiesing seudiar sirainivighmeanstior remeslibgeat least some

partiulate mafters from thg fidfo be pymRsds TG fifcarypeaRIsRA ptural fuid such as a fossil
uel fluid, e.g. oIl or _ ‘ .
’ Typically, the wellbore/Adificial Lift System may comprise an Electrical
Submersible Pump (ESP).
The pump may be driven by a motor through a driving shaft.
The motor may be electrically operated, and connected to & 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 fittering 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 fiuid, e.g. oil or
natural gas.

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

25 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
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.

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 turbing engine ol

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



natural gas. Advantageously, the pump may comprise a plurality of pump units. 25Typically, 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 psi, when used for pumping oil. Typically, the

operative rotaltSh#i4p&Hd%f the pump may be in the range of 500-25,000°ph 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 #ivention in a gas turbine engine oil pump

Advantageously, the pump may comprise a plurality of pump units, ANQ. .+ <ction for pumping oil
2011/101636PCT/G8201%55%252%% FIl-yrn(-?-Pe'r%aaﬁ'l)‘5,9 %ns%mtp ranay comprf’sgé at least o%e ﬁaegding section

for pumping oil frorincamavilolerseevsiir te theagasHiBiReEine. The at least one feeding section may

comprise 2-5 pump units7aadiysisalyguamp seitenomaefermbliseties mump witsy ndhepiedbnprise at
least one scavengingmseg,t‘ii%n for pumping oil from the gas turbine engine to an oil reservoir. The at
least one scavengiﬂg eCtion may comprise 2-5 pump units, and t}-/t%icalg

Y o . 3£)um units. nT(%p'cglly, the
number of pdmp units in P& EERASNERYERAVEA JIRG LR FiR) TOBE AE A RIAr an(j Ypically
greater than the nusnbemafqump theitsinttHenatdegise (o an oil reservoir.
The at least one scavenging section may comprise 2-5 pump units, and
typically 3 pump units.
Typically, the number of pump units in the at least one scavenging section may
10 be at least equal to and typically greater than the number of pump units in the at least
one feeding section.
Ajternatively, the number of pump units in the at least one scavenging section
may be less than the number of pump units in the at least one feeding section.
Advantageously, an outlet of the at least one scavenging section may be
15 connected to a filter means, e.g. an air/oii 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  andfor

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 lubrication system may comprise a wind turbine
gearbox Jubrication system.

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

Typically, the pump may be Iocated within a nacelle of the wind turbine.

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

30 from an oit reservair to the gearbox fubrication system.

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

Preferably, the pump may further comprise at least one scavenging section for

pumping oil from the gearbox Ilubrication system to an oil reservolr.



one feeding section. Alternatively, the number of pump units in the at least one scavenging section
may be less than the number of pump units in the at least one feeding section. Advantageously, an
outlet of the at least one scavenging section may be 15connected to a filteg & S0 AR air/oll
separator, prio}‘vf?)zmé/b(ﬂgging 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 shatft.
Advantageously, the pump may be operable clockwise @md/or 20counterclockwise. According to a

thirteenth aspect of the in\i ntio ‘th%l{e IS Prgg’&%%?éﬁgegé%%o%f g.lgur@@@gggrgi_@gmpeﬂgt‘ Qingecond

aspect of the invention in eegpbg?i. uBfication syst m, e.g. a turbine gearbox lubrication system.
25Preferably, the gbmibal RibWEatHSHSSystem may comprise a wind turbine gearbox lubrication system.
Advantageously, the pumpypiasngofpfisenarpilipality abitimthemits=Fy pieathavengipasqsiaa)de located

within & nacelle of the yind SUIBIne Ll Ak, DR AUMALR L CRMBLISS BLIA3SHRNR (redingasection
for pumping oil 30from an oll reservoir to the gearbox lubrication system. The at least one feeding

section may o%mpri@%ei%cﬁ?ﬂﬁﬁ‘ﬁiﬁﬁs, and typically 2 pump units. Preferably, the pump may further
comprise at least one scaéagiagysiectiemioroeu kg pikfisntHe Gl P IETeAH"SY o an oil

reservoir. WO 201}/101636RGHGR2QMI000322:35 Tharmeastena seamngingcsestion may
comprise 2-5 pump units, Egga%%ggﬂgfy? H rQBﬂleJap '5% the at least one scavenging section may be
connected to a filter means prior to the oil being discharged into the oil reservoir.
10 Conveniently, the at least one feeding section and scavenging section may be
connected to and/or driven by a commaon shaft,
Advantageously, the pump may be operable clockwise and/or

counterclockwise.

15 According to a fourteenth aspect of the invention there is provided the use of a
pump according to the first or second aspect of the invention in a process

manufacturing apparatus, e.g. a pharmaceutical or & petrochemical process assembly.

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 aspecti 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 feast one pump unit, the at least
“one pump unit comprising a casing or housing comprising a fluid passage channel; and
at least one impelier provided inside the casing for pumping the fluid through the fiuid

passage channel,



Typically, the number of pump units in the at least one scavenging section may be at least equal to
and typically greater than the number of pump units in the at least 5one feeding section.

Alternatively, the number of pump units in the at least one scavenging sec}g@,ﬂf&aﬁ/l t}((}e( (I}ezszs than the
number of purW dhits e at least one feeding section. Advantageously, an Buitlet Of the at least one
scavenging section may be connected to a filter means prior to the oil being discharged into the oil
reservoir. 10Conveniently, the at least one feeding secti#h and scavenging section may be connected

to and/or driven by a com opeah?gg %dv.ant?gﬂe}%%%%?th% ﬁg{@gsmﬁyl togﬁéag[ﬁjglog}gg;,%@ gnd/or

counterclockwise. 15Accd) ng to a foﬁ?'%%n aspect of the invention there is provided the use of a
pump according toatienfivsicetierceit KepdeidoParsancerlidiith drateteshantraifing @B Baratus,
e.g.a phqrmaceutig_@hgﬁ@gafw@em&aﬁm@&@ﬁi&gs‘mﬂ&e fluid paéagg@rdhagrt@ & fftrenthredpect of
the invention there s, froyided 196, U3t.P.A0RURA BERAERR DR el Ppagagedashecbcie

, €.9

invention in water pump apparatu . @ mobile water pump apparatus. The water pump
apparatus méy be WP A ESHEIERENbbile apparatus, e.g. a trailer, or a vehicle such as a

fire engine or water tendehe2&rApyottingdoaosixtesnthcagpuisedhtirashveniitsl hapess provided the
use of a pump according gp-fae, fifst AeSecrdiasReEPEINaIIvRNHRY B SuabsEnaERArails. The

fuel pump apparatus rgge/ b%e%fitte?eaﬁq%rrgﬂg% comppigguan automotive vehicle, e.g. an automotive
S

engines. 30Accordfifg pe% "5 the Thvehtion there is provided a pump, such as a

regenerative pump, the pBrafstebinpiisira) daastaernReHemnf Uit Thieat 1858t BB SURPEINTaY
comprising ggcasingxinB OWSH G {0 M i Siask aghiu whpars ageachizeutel antkanledgt angevdeltes provided

inside the casing fo%ﬁ%‘% iﬂ/%%é@gwgg@@éﬁ“é'ﬁﬁiﬁﬂ%%@r&%ﬂ?@ﬂ@ﬂe Vet channe! portion.

2011/101636PCT/E _ . .
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 inventiory
Figure 2 an elevated partial view of the pump of Figure 1 showing fluid
flow through an inlet, fiuid 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-secticnal view of the impelier of Figure 4a
taken along a line (B-B);
Figure § a cross-sectional view of the casing of the pump of Figure 1
30 perpendicular to an axis of rotation of the impelier;
Figure 8 a cross-sectional view of the casing of the pump of Figure 3

taken along a iine (C-C),
Figure 7 a cross-sectional view of the casing of the pump of Figure 3

taken aiong a line (D-0);



26 wherein the casing or housing comprises at least one outlet channel in communication with the
fluid passage channel, the at least one outlet channel comprising at least a portion extending from the
fluid passage channel in a direction at least partially tangential to a direction of fluid flow. vgith the fluid
passage chanié? 8Haf&Gation of the at least one impeller.  Preferably, the CAsIng of hiousing
comprises at least one inlet channel. Preferably, the at least one outlet channel may be peripheral to
the fluid passage channel and/or the casing or housing.2referably, the at least one portion of the at
least one outlet channel may 10extend from the fluid passage ¢hannel | irecti Lally
tangential to a contffiaBgsBfuid flow bet%%ﬂﬁ%#lﬁ}%‘%gi%réggeggcﬂ%%ﬂgI%r%%g%ﬁt%ﬁéﬂgr%%aportion.
Preferably, the at least one inlet channdiignesyeeviiaifl pHistid] ResaagdiehdPeEsage channel and/or the
casing or housing. ;%%RJEF DESCRIPLH N @ DRAMINKSS:! a rebganeadivaentspoédberdmgeation will

now be described by way of example only, and with,reference fo the acGosRaNYIBE: R awkHisnwhich
are: Figure la perspective exploded view oFa regenerative pump according 20to a first errilboglment of

a first aspect ®f the present invention; FigeHEQAH & s ioyaRiR VML SvithB3seap SPEigure.

showing fluid flow throughatriptetiohsid passage channel and outlet portions; Figure 3a
cross-sect!onal v?ev’\giof ‘;hq Pump of Figgrgegs[ggm %!m&jgdiO@&%ﬁ;rgg@ﬁQHﬁW@@gMi@l
cross-sectional view of the Impeller of the pump of Figure 1; Flgure 4battr %sverrss%lnﬂm%ctlonal
view of the impeller of Figure 4a taken é?(ﬂwﬁ" Iﬁﬁ@f’ﬁ%@ﬁ?ﬁéﬁrer%gs fHes-sectional view of the casing
of the pump of Figureyiird@perpendicular resnesiivs chiawaionesf tha mEiase FRIERE6AErB¥E R ectional
view of the cfaéing of the pump of Figurg 3 4aken @langidilisakeuiekrtigiie Jecenossspettiondiaview of

the casing of the pump of Figure 3 takeBrS‘é%Qﬁn%e'k !%'g;o-o);
Figure 12 a cross-sectional view of the pump of Figure 11 taken along a
fine (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 aspact 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 oit 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
fubrication pump according to a first embadiment of a seventh
25 aspect of the present invention;
Figure 16b a perspective view of the gearbox lubrication pump of Figure
‘iea; and
Figure 16¢ a cross-sectional view of the pump of Figure 16b.

30  DETAILED DESCRIPTION OF DRAWINGS

Referring to Figures 1 to B 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 27 Figure 8an enlarged view of an end portion of a vane of the
impeller of Figure 4a within a fluid passage channel; Figure 9an elevated partial view of a regenerative
pump according to a second embodiment of a first aspect of the present invention
5showing fluid W&WXHGUSH an inlet, fluid passage channel and outlet portiBASEHItd?dE perspective
exploded view of a regenerative pump according to a third embodiment of a first aspect of the present
invention; Figure 11a perspective cutaway view of a muRfstage regenerative pump 10according to a
first embodiment of a second aspect of the present invention; Figure 12a crgss-sectional view. of the
pump of Figure 11 taken érIB‘h@Lﬁ‘ﬁ’d@’(é%)?ﬁﬁﬂ?@slﬁéaé%%gjsoe%?mﬁ%ﬁ'We%ﬁ%étﬁaesﬁ%f) $FESgure 11
taken along a 15line {5-Rhdigune ddatls dldvetedriprisevienivbaleaitiontvifedystisie thesseiidg to a

first embodiment of & {it) asREREA A PresentEvERtinRs FewadMawoss-sectional view of the
pump used in the artificial lift system a{%%%u%ﬁ 14a; 20Figure 15aa ers%&tive vi%W@Baaggsa}lurbine
; ]

engine oil pump accordiné”téhé? 2P eht %#inagsi%(t 3%%8%?% fhe preggﬁ??nventlon; Figure 15ba

cross-section&l vievewfetirbanne p 45 iFigrer ameatiouie Teduigdrsseandanas ofa wind turbine
comprising a gearbox lubricatiormssamancardingteradiie! e30koripiess ofiessevenshportion 134

substantially paralle! to an axis of rotation of the impeller 120, and the outlet channel
140 comprises a first or axial portion 144 substantially parallel to an axis of rotation of
the impeller 120.

10 The infet channel 130 comprises a second portion 132 extending from the fluid
passage channel 115 in a plane substantiafly perpendicular to an axis of rotation of the
impeller 120. The outlet channel 140 comprises a second portion 142 extending from
the fluid passage channel 115 in a plane substantially perpendicular to an axis of
rotation of the impeller 120

15 in this embodiment, the second portion 132,142 respectively of the inlet channel
130 and the outlet channel 140 extend from the fiuid passage channel 115 in a
direction substantially tangential to & continuous fluid flow between the second portion
132,142 and the fluid passage channsl 115.

The first or axial portion 134 and the second portion 132 of the inlet channel

20 130 are in communication with one another and are connected by a curved portion
136. The first or axial portion 144 and the second portion 142 of the outlet channet 140
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 138,146 of the inlet 130 and outlet 140 channeis are substantially tubufar, ie.,

25 substantially circuiar in cross-section.

in an alternative embodiment, the first or axial 134,144, second 132,142 andfor
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
3Q portion 138,148 of the iniet 130 and outlet 140 channels have a diameter in the range
of 1-100 mm, and typicaily in the range of 5-50 mm.
Conveniently, the casing 110 is provided with a barrier or stripper 113
separating 2 fluid passage channel portion 116 pear the inlet channel 130 from a fluid
passage channel portion 117 near the outlel channel 140. By such provision a



25aspect of the present invention; Figure 16ba perspective view of the gearbox lubrication pump of
Figure 16a; and Figure 16ca cross-sectional view of the pump of Figure 16b. 30DETAILED
DESCRIPTION OF DRAWINGS  Referring to Figures 1 to 8 there is shown a regenerative pump
100 according¥®adlistdémbodiment of a first aspect of the present inventigﬁ?ﬁ%(ﬂgﬁ?ﬁzﬁo
comprises a pump unit 105. WO 2011/101636PCT/GB2011/000222 28 The pump unit 105
comprises a casing 110 comprising a fluid passage chag#el 115. The pump unit 105 further comprises

an impeller 120 provided inside the casing@llo for_pum{i:%i?ré?J a flui throughuthe fl%igsgi@ﬁ%aﬁﬁnghannel
t

115. In this embodimerminesaHsingvidss OSHEREESTPIRTEL, %ﬂﬁiﬁla\(ﬂ% ANd art boutlet channel 140 in
communication with,tha dhiid passage channel 115. In this embodiment, the inlet channel 130
comprises a first or axial portian 134, substantially Raladielfguan sixissotiratation of tire ibamiiierr1 20, and

the outlet channel 140 comprises a first or axial portion 144 su tially paralel o an axisakrotation
of the impeller 120.51PPRE m?efscﬁa‘?fﬁé‘f'ﬁﬂycgj prENE ea”s%%%%%%r{?on 132 ej{en%bgi {%om the fluid
[

passage chamnel 1p5rinridRnesstisstaeticinper panaid (e &5 Passass: FeRane Per e ik P&fEr 120.
The outlet channel 140 cempiisasiagecond portion 142 extending from the fluid passage channel 115

in a plane substantially perpendijculay. to an. axi i pellesA20- 1R dhis embadiment,
the second portion 132,143 ?gsaﬂ)tSEr}?\{%Fyeé? ?ﬁgﬁlﬁ?\%{ %ﬁgﬁ,&%ﬁ%&(ﬁ alliﬁd the égﬂgt;%qg irigrh 140 extend

from the fluid passaepeittigraese o651 WeireteisrPRMEA AR EaYBIFH A A aftmaoUS Huid flow
between the secongmestipn badsdgelcaashthe fliid passage channel 115. The first or axial portion 134

and the second portion 13@8%39%4'9%&@@@1% 24180 akeipemnmunisatiosewitir-ane totmer and
are connected by a curved portioh 136. The first or axiaH portion 144 andothgasﬁg‘%qurtion 142 of the

outlet channel 140 arelurtigirRngEARDAIRITIBRS ANBIRE Rt e’ gﬁﬁecte y a curved portion 146.
In this embodiment, the finst tiisaxiabdBHeptahe cometier 3128 42aptRes Y PERRh 36U dt'the inlet
130 and outlet 140 %Q @%@a@é@ sunstantigihetubular, i.e., 25substantially circular in cross-section.

In an alternative embodiment, the first or axial 134,144, sg pﬁ%ggn%é%@@dggrhggrwapgmggy 136,146
of the inlet 130 and outlet TL%@H%W@I@W&V%% & Ulsi?t r?f% y non-circular in cross-section. In

this embodimént, the Sitsttertalyensal padiossddhri™e322 143 and/or curved 30portion 136,146 of the
inlet 130 and outlet 140 chapngls:hsvasidirmetendn 1he shage common axis of rotation.

The diameter of the shaft 160 may be in the range of 10-80% 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 10400 mm.
The frame 421 further comprises a flanged portion 123 near a periphery of the
frame 121, The flanged portion 123 is substantially concave,
The vanes 125 extend outwardily from a periphery of the nub portion 122

peyond the periphery of the flanged portion 123.
25 in an afternative 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 129 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 al an angie from a

periphery of the hub portion, e.g. at an inclination of 0°-60° fram the radial position in a

35 forward or rearward attitude.



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 WO
2011/101636P®PIBBI013/000222 29 hydraulic seal is provided between RfgH@tEdddP&*ahd low
pressure regions of the pump unit 105. In this embodiment, as shown on figure 5, the dimension of the
barrier or stripper 113 is approximately 30 between odGelative to the fluid passage channel
5portion 116 near the inletﬁ?hannel 130 and the fluid passag@e channel portion 117 near the outlet

channel 140. In an alternativVg SHBbUTHERTPIRE 8iffiRiidsn' 67 a7¢ BARTRPOFEEiltfer 113 may be in the
range of 10-100, preferably {ROLBO dirshifeanin ketco 46 sivkel 1@Ttkee porttangalig avotheaflaid passage

channel 115. 10Referring tp Riguses e aadtbainbg:imRelles k20 eampysessa fraie Ll ang a

plurality of vanes 123 %xt?sndgng gutvlqrci]rq\!.yi ftrorrclﬂgr%%g@rhe%of the frame 121. In this embodiment the

impeller 120 comprisgs I%lrst)y V néesro 5 Which are equa‘ffy s%gg'é@?rrgﬁ'?%sach other. The frame 121

comprises a hdb portion 129¢cthpkRiesad el Kiamesoalvarnresifel Gren hataseliis earmvtdrperton of
the frame 121. The shaftadhé@rand the impeller 120 share a common axis of rotation. The diameter of

the shaft 160 may be in th?H@BE@eraJxQT%Oé)ﬁC%RE{Qﬁ@hbgPeOF iﬁ’éle ]oggcg%;ﬁ% 'I;Qg giargft% {%1; the hub

portion 122 is in the range of 5-800 mm, and typically 20in the range o omm’ 1 He frame 121

further comprises a f9G&4396/88 %3 near a periphery of the
The vanes 125 have a substantialiy uniform thickness across their length.

10 In an alternative embodiment, the vanes 125 may have s 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 circutar in

20 cross-section.

Typically, the inlet channel 130 of the pump unit 105 is connected to a fiuid
supply, and the outlet channel 140 of the pump unit 105 is connecied 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 ioward 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 aperiure 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 connecied to and in abuiment with the first side of the second end or



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. 25In an alternative
embodiment, the vanes 125 may extend outwardly from a periphery of the hub portion 122 and be
substantially flgh¥ithitE8periphery of the flanged portion 123. In anothe?&ﬂé?‘%éwéo%%odiment, the
vanes 125 may extend outwardly from a periphery of the hub portion 122 inside or within the periphery
of the flanged portion 30123. The vanes 125 extend sub%tantially radially from a periphery of the hub

portion 122. In an alternative embodiment, the vanes may extend at an an%e frgrﬂ a_ ts \%i hery of
the hub portion, e.gdistranineisagonibf t(ReY FERTTALMTEM O EHIBPI°S 3BT WATT of rearward
attitude. WO 2011/3,81636 RGTH GR204 1400822130 The vanes 125 comprise a first side 126 and a

second side 127. The firstr%ig gal:ggd nd segand side 134 Aresubaiantialy dat orpiasasstantidy an

alternative embodiment, the vanes 125 may be profiled and may,comprise, e. rofqile twigkand/or
other profile configuielifoAss PR STBRERRR? o?gﬁ%fﬁcﬁgf %g@@tgﬂ?gﬁg?%% defines an outer

vane tip diamgter. chafiie otfter werpitip dhiriRfer is in the range of 10-1000 mm, and typically in the
range of 50-500 mm. The MaANES.425 Have: asubstaniiady raifernrifighness acnpgsetheirientth. 10in
an alternative emb%giiggggéggg g??am%%%%g g? %Yeh;:ﬁivn?pau\éﬁ”l%%l,epg?é%frﬁ%%e@gﬁg%%r1'9@9the

inlet channel 130, and part of the second portion 142 of the outlet channel 140. The

first side of the second end or discharge casing unit 112 also comprises part of the fluid

10 passage channel 115 of the pump unit 105, part of the second portion 132 of the inlet
channel 130, and part of the second portion 142 of the outlet channel 140.

The pump unit 105 is formed by providing the impeller 120 between 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.

15 Advantageously, 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 fluid passage channet 115 of the pump unit 105.

Advantageously alse, 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 outiet 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 afternative embodiment, the second side of the first end or feed casing
unit 114 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 channe} 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 outiet 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 i the range of
20-1,500 mm, and typically in the range of 50-5C0 mm. '



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 15and a height. In
this embodiment, the conduit 118 is substantially non-circular in cross-section, and has a depth/height
aspect ratio in2PAHYE GP0.4-1.2, and typically in the range of 0.6-1. PCT/CRIUN YR ative
embodiment, the conduit 118 may be substantially circular in 20cross-section. Typically, the inlet
channel 130 of the pump unit 105 is connected to a fluid®8upply, and the outlet channel 140 of the

pump unit 105 is connected to a fluid discharge system. . In this embodime =Xe ing 110
comprises a first end or fok &Esihly GRAOEPPShY & ERESAYEH 'E)Er1a |§c{ﬁg%‘gsé§2iﬁr1\éguﬁﬁ?ﬁz. In an
alternative embodimegt theosashognid Grdagpeeiypintecaasiagré 88rsing it The first end or feed

casing unit 111 and a secg%ﬁggegagﬁc{ﬂgrgﬁ@@ng pinitsl 12apeh Goraatisg aidielisedefaomng
toward a feed end of the pump, and a second 30side facing toward a discharge end of the pump.

The first side of theRRYRIPGIEEd casing unit 111 is substantially solid and planar, and comprises an
aperture 150%0nnected t6ttferatiet tledmmelarstP st priis P Upginggstated clockysg,a0d S8 Iment, the
second side of the firsting or doagd Gasingsiit the lnisabantatygerlatshdconmécted tocand ifHigbutment

with the first side of the second end or /WQ 201 114 63GRCF4GBANL LRARZ ds 8l dliscbageeasing

unit 112 by connecﬁgﬁc%)gans such'as screws or bolts (not shown) provided within holes or recesses
119.: The second sitfeapthie whishf W dsefe HAGRRTAY (7t 112 is substantially solid and planar,

and comprises an aperturdfeatirshovwigucofrbetedsterencartieesaramatial #evo e pRaRNFIAIHR 105.
The second gide of die st chfhoteed Sasimbiiidd: Goampsisapant oklbedusidpassage channel
5, part o

115 of the pump unit 1 t of the second portion of the inlet ch . RALLqfdhe
second portion 142 of the 'BIREEERRGIRE A4 BY P J(g@ IS 8 pump 0; gegé}gﬁ)' &ﬁ\gamﬁ

pump 100 described in Figures 1 to 8. Like paris are denoted by iike numerals,
supplemented by "".
In this embodiment, the infet channel 130" comprises a first or axial portion 134’

15 substantially parallel to an axis of rotation of the impeller (not shown), and the outlet
channiel 140’ comprises a first or axial portion 144 substantially parallel to an axis of
rotation of the impelier.

In this embodiment, the first or axial portion 134’ of the inlet channet 130
extends from the fluid passage channel 115' substantially parallei to an axis of rotation

20 of the impeiler and/or substantially perpendicular to a plane comprising the fluid
passage channei 115, The first or axial portion 144' of the outlst channel 1 40" extends
from the fluid passage channel 115" substantially parallel t0 an axis of rotation of the
impeller andlor substantially perpendicular to a plane containing the fluid passage
channel 115"

25 The phrase "substantially paralie!” will be understood as extending in a direction
at an angle in the region of 0-45°, preferably 0-30°, more preferably G-15° relative fo an
axis of rotation of the at least one impelier. By such provision, connection of the first or
axial portion 134’ of the infet 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 mads possible.

in this embodiment, the dimension of the barrier or stripper 113" is
approxirhateky 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 outiet

35 channel 140"



first side of the second end or discharge casing unit 112 also comprises part of the fluid 10passage
channel 115 of the pump unit 105, part of the second portion 132 of the inlet channel 130, and part of
the second portion 142 of the outlet channel 140. The pump unit 105 is formed by providing the
impeller 120 b&®éeH it Lecond side of the first end or feed casing unit ﬂf%ﬁggt(ﬁéf%)roszgzside of the
second end or discharge casing unit 112. 15Advantageously, the second side of the first end or feed
casing unit 111 and the first side of the second end or di§éharge casing unit 112 complement one

another so as to form the fluid passage channel 115 of the pump upjt 105. Advantageo also, the
second side of the first en@cﬁn@%‘?{ asl 8”?1%@%1\ ' the ghragﬂ%%r%ﬁ]{é%%agf?ﬁgrsse%%neé Lﬁ% o

discharge casing unielit 2hsoramgerathfdRR" 20esamy 36-62° tbefuwanntideddén @b aIYRt P3RIHThe inlet
channel 130 and the secpa@k RoHipmdale ohdhaedutiet channel 140. In this embodiment, the curved

portions 136,146 of the inlgt andy rt8“9%%%}§’q:‘ﬁ!§r&38%9wrﬂ?‘é( l%&?é@c‘!éﬂgde‘éﬁm&%éhﬁé%sk@'ad or

feed casing unit 111 or the second end or discharge casing unit 112. 25In an alternative embodiment,
the second side of tFROFNEFAEME BYTReBPERISiAg it T SRePadE i didebiitaerest ohd e riese™

discharge casing univkheaomplement one another so as to form the curved portion 136 of the inlet

channel 130 and the curved partipR J4G:0f the puliet aanoel A% Jhefeslinrsavial Reskipnd s of the
inlet channel 130 is provided within the,flr?gt_ 30end or feed cz%g% grut 1%5%. éQ§ grsF or aX|aI§!ort|on
r a .

144 of the outlet ch&HAR 1% 37 RATED WRHIR tHe'8eRoliitf R B TEZ e first
111 andfor second &ermkeiadihg Unit has a diameter in the range of

10 In this embodiment, ihe outlet channel 140" comprises a second portion 142"
extending from the fluid passage channe! 115" in a plane substantially perpendicular to
an axis of rotation of the impelier 120", and in this embodiment in a direction
substantially radial relative to an axis of rotation of the impeller 120"

In this embodiment, the outlet channe! 140" does not comprise a first or axial

15 portion or a curved portion.

The configuration of the pump 100" may be particularly useful for use in pump
assembiies where radial discharge is desired, e.g. for use in the casing or “shell” of an
existing centrifugal pump assembly, while maintaining the improved performance of a
regenerative pump.

20 in this embodiment, the pump 100" is a single stage pump, i.e. comprises one
pump 100", wherein the inlet channei 130" comprises a first or substantially axial
portion 134” and wherein the outlet channel 140" does not comprise a first or axial
portion or a curved portion.

In an alternative embodiment, the pump 100" may be reversed so that the

25 outlet channel 140" comprises a first or substantially axial portion and the inlet channel
130" does not comprise a first or axial porion 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, 2.g. for use in the casing or "shell” of an



20-1,500 mm, and typically in the range of 50-500 mm. WO 2011/101636PCT/GB2011/000222 32
The first 111 and/or second 112 end casing unit has a thickness or height in the range of 10-1100 mm,

and typically in the range of 50-550 mm. Advantageously, the impeller 12Q i I otating
clockwise andft? ?:Q}t']/ﬁf%??élockwise. Preferably, the impeller 120 is capab?ed ?)@%gﬁ%ﬁr%%%%ed clockwise
and counter- clockwise. By such provision the pump 100 may be used in a first or normal fluid direction
and in a second or reverse fluid direction. This allows a #&er to reverse the direction in which a fluid is
being pumped as required. Referrin%to Fiﬁure the eEis shown.ant Ie.vatedetpartiﬁl P/i%WCofoga
regenerative 10purﬁ%s£88&?ﬂﬂﬁuﬁ)ah LEER SR AN HENT BT NP 416, R QYA S TR CeT SR G Ation.

In this embodimentthésisaeedd@ridive puimpcshitpiiaiiatly similar design to the pump 100 described in
Figures 1 to 8. Like parts eesgfRotedinylike numersds tsseplensasiadDy:kHats e hadimeno the inlet
channel 130" comprises ga first or axial poyii ' iall I is of rotation of the
impeller (not shownafcgﬁqzn té}Stfﬁ%teénaoncﬁl%é%%}géc%r%%ﬁgie%%%gg%?ﬁefé%nﬁggggﬁéﬁé}' substantially
parallel to an%xis of rotatldntoFtHREPRPEIRT. | thiBEbcdimEnt? tHBUIRPS a5aSE BERINR P Rf the

inlet channel 130" exiepasdgoapibeifiyicl passagechasaeDis 30substartakyoparatiet talaniakes of
rotation 20 of the 'rBQ&Hﬁ‘E%%’BLﬁBQﬁ«E@%@%E%@SWﬁ%@ééq FRlapgEpmptising the fluidipassage

channel 115'. The first'or axial portion 144' of the outlet channel 140" extends from the fluid passage
channel 115' substafHaIRS DHRANFEHUXISYf rotation of the impeller and/or substantially
perpendicular to a plane gonttisingthizfinidnpastege mtmmnell1 5c2BThes phittse Poalistagiglly

parallel" willfge undeysioedrsextandingsn a direction

in an alternative embodiment, the pump 200 may comprise 2-300 pumps units,
depending on the type of application envisaged for the pump.

Each of the pump units 205a,205h,205¢,205d,205¢e comprises a casing, each
comprising a fluid passage channel 215a,215b,215¢,215d,215e.

15 Each of the pump units 2052,205b,205¢,205d,205e further comprises a impeller
220a,220b,220c,220d,220e provided respectively inside the casing for pumping the
fiuid through the fluid passage channel 215a,215b,215¢,215d,215%¢.

in this embodiment, each casing respectively comprises an inlet channel
230a,230b,230¢,230d,230e and an outlet channel 240a,240b,240¢,240d,240e.

20 Each of the inlet channels 230a,230b,230c¢,230d,230e respectively comprises a
first or axial portion 234a,234b,234¢,234d,234e substantially paraliel to an axis of
rotation of the impeiler 220a,220b,220¢,220d 220e. Each of the ouilel channels
240a,240b,240¢,240d,240e  respectively comprises a first or axial portion
244a,244b,244¢,244d,244¢e substantially paraliel to an axis of rotation of the impelier

25 2202,220b,220¢,220d,220e.

In this embodiment, each of the iniet channels 230a,230b,230c,230d,230e
respeciively comprises a second portion 232a,232b,232¢,232d,232¢ extending from
the fluid passage channel 215a,215b,215¢,215d,215e in a piane substantially
perpendicular to an axis of rotation of the impeller 2202,220b,220¢,220d,220e. Each of

30 the outlel channels 240a,240b,240c,2404d 2402 respectively comprises a second
portion 242a,242b 242c 242d,242e extending from the fiuid passage channel
2152,215b,215¢,215d,.215¢ in 3 plane substantially perpendicudar to an axis of rotation
of the impeller 220a,220b,220¢,220d,220e.

in this embodiment, the second portion 2328,232b,232¢,232d,232e of the

35 respective iniet channel 230a,230b,230c,230d,230e extends from the fiuid passage



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 connectioW6f2H&MisBor axial 30portion 144' of the outlet channel 140F Wfﬁffﬁg’ﬁ?g? f 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 35channel 14@1anwgd 2tFE12181.8 38R TIEEZ0 1i/000Feeeties  suhpfariialte 8RR @mBodiment,
the dimension of thedpartierOnsl mRebdh3emay hetinshprange, 262H2 100 Jeiabin@ b Ouietween

!nlet 116' and outlet agggg(g?hé%ée%%g 2%95??5%%%%@%' 115'. _ Referrin_g to Figur(_a 10 there
is shown a perspective exploded view of a 5 regenerative pump accordln%‘gto a third embodlﬂnent of a

first aspect of the present vBigtigMbodimgthase AR5SAMBRTII 2A R 106 48 &' i D GeliBrally
similar designsto thesspapva Qitte strined idBigRats 24 0o, B4like4Sarexdeeisofdenttediby fikesag®nerals,

supplemented by 1?!{3,&!@5 Rpsigiesnt sthe auides channel 44 Gonpkisssaiseeantration 142"
extending from the fluid passage ?hannel 115" in a Elane SL%)%
rec

iall icul xis of
rotation of the impef&PtYAUs BHF HPvm REMRRLERLRL FEH% e é%r?{a’ﬁp?%%gagﬁrg %{%iﬁmg ;

on subs yra elative to an
axis of rotation of thee#sagelkhan2€'?15a,215b, 2tb M4 Ehddédiment, the outlet channel 140" does not
comprise a first or axial 15paraes oF aainyesdporttan, 234b, The coafigasation ahthespunappb@@hmay be

particularly useful fqr.use lie re.radial dis. [ i in the
Casing or < of AR B SR R A e aEendh A o A S AEe D S Saece

performance of a redferieRaNByIsAFLRBI (PR ERMDRNARH AthEPNRTEA OBPARCHEINGIE &84 ump, i.e.
comprises one pumgbAidR'2 35k 06k 2he: ipdet diaanel 130".comprises a first or substantially axial

portion 134 and wherein g qyilet,caaANGL AN Slacenal cauosie,adl il FYARBHIORAICA Curved
0]

portion. In an alternative embodiment, the pum@]%OO" maxﬂbe reversed so %fhgt 5%% c?g%ltlet
channel 140" compAé#s % <A3F 0Bt 2P h BRI O IEh S et CRT& L36“ 0025 6t
comprise a fir5t or aadaipostionuoicationrwittl pertanether dancaaralnormatites eerbemlivaltY tReWA% 100"

may comprise the sg&gmﬁ@g!ﬁ@iigq@am@m@. unit of a multistage pump, i.e. of a pump comprising
more than one pump unit. 30In anﬁdvantaggrcr)‘ggd?mt?‘?dlment,{th first %psq or feegrpump u&gtagnd

each of the intermediate ﬂ'ﬂlmp uni iscomprise a punr‘r?p 100 as described In Figures 1 to 8, and the

second end or discRatgeMIER4rREEOATINSAI B TIIMP 20894 H¥8eribed in Figure  Second
232a,232b,232¢,232d,232e,2422,242b,242¢,242d,242¢e, and curved portion

20 236a,236b,236¢,236d.236e, 246a,246b 246¢,246d,246e of the intet
230a 230b,230¢,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,234c,234d,234e,244a 2440 244¢ 244d, 244e, second

25 232a,232b,232¢,2324d,232e,242a,242b,242¢,242d,242¢, and curved portion
236a,236b,236¢,236d,236e, 246g,246b,246c,246d, 2462 of the infet
230a,230b,230c.230d,230e and outlet 240a,240b,240¢,240d.240e channels are
substantially non-circular in cross-section.

In this embodiment, the first or axial 2342,234b 234c¢,234d,234e,

30 2443 244h 244c, 2444 244e, second 2322,232b,232¢,232d,232e,
2423,242b 242¢c,242d,242¢, and curved portions 236a,236b,236¢,236d,236¢,
246a,246h,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



10. WO 2011/101636PCTIGB20111000222 34 existing centrifugal pump assembly, while maintaining
the improved performance of a multistage regenerative pump configuration. Referring to Figures

11 to 13 there is shown a regenerative pump 200 according to a first emb%dciwgggo(l)}‘/%&%gond aspect
of the present HPeiBH1%0In this embodiment, the pump 200 is a Multistage' régenérative pump

comprising a plurality of pump units 205a,205b,205¢,205d,205e of a generally similar design to the
pump unit 105 described in Figures 1 to 8. Like parts ar@&enoted by like numerals, incremented by
'100'. In this embodiment, the£ump 200 comprises five pumP units

10205a,205h,205¢, 286#2365830¢. 2304 LA08IH{EPARAVRISRBE ARSI TAE PARIPN 2B MAS, 'ESRERHSe 2-300
pumps units, dependitigt amdhestypidabafpieationodidsagedyforuttie pongion a ydehiof shel paimp

units 205a,205b, 20502006l 0RE-F R 58886 AR I P AR CHBRSENRAG 8 fbiichRAIREGERHaRRE!
2152,215b,215¢,215d,215e, 15Each F§>1°%)he pump units 205a,205b,205c¢,205d,205e further comprises a
r

impeller 220a,220b,%,2,5% ,5%885 fed respectively inside the casing for pumping the fluid
through the flifid passage icHainselRDBacpd $ts 2isrnsios @218 barrefis BiRpedmMRIOERI ¥ a8ing
respectively comprisgaashinietchannab2s@a 023062 30dr230patishancautiet chiannehnnel
240a,2400,240¢,2494, 240, 20) Egﬂéggghe i”c!%gg@fga‘z%'s £302,2300,2306#300.2 302 Jaspectively
comprises a first or EVIEL portloncz 43, %,%40, , 346 Substantial y parallel to an axis of rotation
of the impeller 22020289157 2P08! 2581278042 BEHE outlet channels 240a,240b,240c,240d,240e
respectively comprises a finsirostiaxiatipositn@héal 244 hiiRvbhe @4 ditti ke rsu s tstripiedlymparbdlél to an

axis of rotatigg of the IMogller 254206,220R 2205, 22043208 esn HILIS ANAAEIEAHsRECALLNe inlet
channels 230a,230b,230c¢,230d,230e respectively comprises a\ﬁecondﬁ%%t%%n
232a,232b,232¢, 23 A IS A RRABMHIPERTIAR AR BLe b iye! Channer 2154 315h,215¢,215d,215¢ in a
plane substantially perperidittiaetatirasit clrbtafidhaoftheliripaler 220m22008 202009 (/1 F1P0e.

Each of 30 the outlgt channgls 2405400406240 di24R8 sespestiveltcanpirigasaameemcbportion
242a’242b’2420’24%19’%é?e ext{a0 %neg‘.g\rfg%}otge fluid passage channel 215a,215b,215¢,215d,215€ in a

plane substantially perpen%ﬁeﬁfar 0 an axis of rotation of the img;ller 220a,220b,220c,220d,220e.
In this embodfinent, the sEashasortfiir P3seagaobronsis 2HF L3302 15F R 35ies e &t fAlgt thannel

230a,230b,230c,23adex30e 2xteptihirass thed|pidpassage odd 204 1M6di36PCT/GB2011/000222 35

channel 215a,215b,215c¢,2 15421 8¢ i adiregtion substansialiy sgnagntiabiooseeoptinugus-uig flow
between the first portion 232a,232b,232¢,232d,232e and the fluid passage channel
215a.215b.215¢ 2153"2‘31"5@?" in crogs-section, and has a depth/height aspect Tatio 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 & 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 208a 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 206b. '
30 The outlet channel 240b of intermediate pump unit 205b is connected to the
intet channel 230¢ of adjacent intermediate pump unit 205¢.
The outlet channe! 240c of intermediate pump unit 205¢ is connected to the
inlet channel 230d of adjacent intermediate pump unit 205d.
The outlet channel 240d of intermediate pump unit 205d is connected fo the

35 inlet channel 230e of adjacent second end or discharge pump unit 205e.



In this embodiment, the second portion 242a,242b,242c,242d,242e of the 5 respective outlet channel
240a,240b,2400,240d,2408 extends from the fluid passage channel 215a,215b,215c¢,215d,215e in a
direction substantially tangential to a continuous fluid flow between the first portion
242a,2426,242¢0U2H 19136 and the fluid passage channel 215a,215b,2158,8211§8,2§].1.1§@?2?ﬁe first or
axial portion 234a,234b,234c,234d,234e and the second portion 10 232a,232b,232c,232d,232e of
each of the inlet channels 230a,230b,230c¢,230d,230e arg&in communication with one another and are

connected respectively by a curved portion 236a,236b,236¢,236d,236e€. The first or axial portion
244a,244b,244¢,244,244CaneeentschsPpbrtichaonoh 2880 aob i 8490 S0h HRSERTBT Mid Butlet
channels 240a ,240h,2406:%4 0drRé0edlbareun eranavdaiegdtom with one another and are connected

respectively by a curved PRS '9@ ’ %ﬁg,%%@%c&ﬁ@&@&@e. IRthisembodipent, thefirstoraxiale;
234a,234b,234c,234d,234e,244a,244b,244c,244d,244e,second 232a ,232b,232¢,232d,232e,242a

242,242¢,242d, 24502 AHR,PFARAPHAT090 2362, 9361088, 2481, 238, 2352, P4EB 246018 246
of the inlet 236a, 230k RABIE2380k 230e 2406 ofithet 418es 24Ok 00I2H0H, Do Deodkian teerahetheir

substantially tubularpeissecﬁyébstanﬁpg{y circylar in gms-secggmms 2343 234b,234¢,234d,234e,
Inanalternativeembaodiment thefirsé

oraxjal
234a,234b,234c, 2344 324808 ﬂ‘ifg%ﬁi'c,244d,244e,second | -
25232a,232b,232¢,232d, ¥3erapepsiph, 12 cfipst 2 1 2 AXia a rRRstipRE d paftfotp 4b, 234¢.2340,234e,
236a,236b,236¢,236d4236a0 2468 2461224661 2450 @4fmabtive rdet, 23002280 hri230eiR 30e288e and

Outlet 2400200 240002 490,301 SIRIRJS 24P SHESIBUNRIY gl cUsulain seassrsertes, Ihibis

embodiment, the first or ‘axial 4¢,234d,234e, 30 244a,244b,244¢,244d,244e, Scond
232a,232b,232¢,23240sBpkally mrsabiel p b sxis o5 foiaiion of Hhe dnRRleTH GARERE0P.220¢,220¢,2208

236a,236b,236¢,23668:2306: 240240024 GalbdiRW Gerfike) éodthaaxie e rinatihe dribe ofrel#0G0 mm,
and typically in the rﬁé}%?ﬁﬁbﬁ?@c@éﬂd‘zzoe. Conveniently, each casing is provided with a barrier or

stripper (not shown) 35separating a fluid passage chann i the.r ctive inlet channel
WO 2011/101636PCT/GBXYETIERSY '3%9286%%@65:22%5%%%56%9%% a%?gﬁ'arﬁa{asscggggﬂannel
portion near the resperttalissoLlet charmeelaea2200B8 2R 048200438 By ach pREVTEIBnEdhiraulic

seal is provided betyeRBigl) BIES PGS IAWHMesSIWe BEHDSBI B3el2aHthese umpcontttred
205a,205b,205¢,205d,205e. Sln this embodiment, t[}egdgggnsion of the barrier or stripper is

approximately 30 be?ve térpfsoer Peﬁgﬁ{;‘g o the < ge channel portion near an inlet channel

nh ﬁud S
230a,230b,230c,230d, 230k ¥riagro i Eﬂﬁéé’ﬁiﬁfgf‘(‘iﬁg@ﬁéﬁzﬁéF’ei%?fpﬁéé?daz?&p%f&ti%‘%ﬁ?%? hdnnel
240a,240b,240c,24Qeh24088 260.

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

Typically, the diameter of the shaft 260 is in the range of 10-80% 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 1o suit each particuiar application envisaged for the pump 200.

in this embodiment, the casing 210 comprises six casing units
2103,210b,210¢,210d,210e,210f,

In an aiternative embodiment, the casing 210 may comprise a single casing
unit.

30 Each of the casing units 210a,210b,210¢,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.



In an alternative embodiment, the dimension of the barrier or stripper may be in 10the range of 10-100,
preferably 20-500 between inlet and corresponding outlet portions of a/each fluid passage channel
215a,215b,215c¢,215d,215e€. In this embodiment, each of the impellers 220a,220b,220c¢,220d,220e
is an impeller 198 38 H¥63bed in figures 3, 4a and 4b in relation to the fir R CHEBATNESE the first
aspect of the invention. 15Each of the fluid passage channels 215a,2156,215¢,215d,215e is in the
form of a conduit 218a,218b,218¢,218d,218e having a dépth and a height. In this embodiment, the

conduit 218a,218b,218¢,218d,218e is substantially non-circular in cross-section, and has a
depth/height aspect ratio |ﬁ"tﬁésr§rﬁ5‘§jm@t43@?aéﬁé g danysn RS Sof EIMESR s7R8ernative
embodiment, the corditit2082,2t2b02186218d,218e may be substantially circular in cross-section.

The pump 200 comprises afift ehdaiigrd mé”?iPsPEIB@%?%QG%@&?&BP%S&‘%ggﬁiﬁh@%@awmp unit
205e. In thls mbaodiment, the p P]HJ%{%ZO further comprises three intermediate pump 25units

205h,205¢,205d. SHISRRESEYP HE8 hERRSCTHE Bt IRPRFEEN GG TRRF BEFhIS (it 285 is
connected to &fluid stgspig.230a Wéedw@trﬂwﬁﬁeﬁzagmmhéWﬁSt end or feed pump unit 205a is

connected to the inlet chanmgl 230t efcadingrNi-teranediase Mﬂg umitza@ébs 389 Ay usiatebannel
240b of intermediat ump U g ,%Q,ﬁb onprs{:teéi tgftah 'nlr‘?tt:n anne 3OC]Rf ad;tafﬁ)nt intermediate
pump unit 205c. he outiet channel J0¢ of intermediate pump uni 2056 1S Cl connected to the inlet

channel 230d of adjacent |ﬁ'?ér?ﬂ%¢t!l‘iféfédﬁtﬂﬁﬁ*9ﬁﬂe2@5ﬂ casing U”'*ﬁi@%@tﬁ@%ﬁ?@@&@é &t and
intermediate pump unisR@behisvitntacttedide thadaislettbamurit238eef @djaceat second end or

discharge pugy unit 2050 203 IOLFRRCIIGRABLHDNNP2A3T: con SRNSHIEALY N puIlt

channel 240e of the second end or discharge pump unit 205e is connected to a fluid discharge
system. Convenientll) BREESTHALE it ERh Rt itahatinars StRmatR'S stRns3tH 2 4tkof

apumpunitandanoutletchaimhekecond side of intermediate casing unit 210d is sealably connected to and
in abutment with the first side of adjacent intermediate casing unit 210e.

The second side of intermediate casing unit 210¢e is sealably 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 channe! 240a of the second end or discharge casing uni 210f.

Conveﬁienily, the pump 210 is formed by providing an impeller

20 220a,2200,220c,220d,220e between the first side of a casing uni
210b,210c,210d,210e,210f and the second side of respectively adjacent casing unit
210a,210b,210¢,210d,210e.

in this embodiment, the first side of a casing unit 210b,210¢,2104,210e,210f
and the second side of a respectively adjacent casing unit 210a,210b,210¢,210d,210e

25 are axially seaiably connected by connection means such as screws or boiis (not
shown) provided within holes or recesses 218.

Advantageously, the first side of a casing unit 210b,210¢,210d,210e,210f and
the second side of a respectively adiacent casing unit 210a,210b,210c,2104,210e
complement one another so as to form the fluid passage channels

30 2158,215b,215¢,215d,215e of the carresponding pump uhits
205a,205b,205¢,205d,205e.

Advantageously aiso, the first side of a casing unit 210b,210¢,210d,210e,210f
and the second side of a respectively adjacent casing unit 2102,210b,210¢,210d,210e
compiement one another so0 as o form the second  portions

35 232a,232b,232¢,232d,232e, 2422,242b242¢ 242c 242 of the iniet channels



5240a,240b,240c,240d,240e of an adjacent pump unit may be provided through their
respectivefirstoraxialportions234a,234b,234c¢,234d,234e , 244a,244b,244c,244d,244e.
Advantageously, the first or axial portions 234a,234b,234c,234d,234e, 244a,244b,244¢,244d,244¢ of
 the inlet 230a,¥S0WRB06380d,230e and outlet channels 10 240a,240b,246¢ 54301 Y488+ the pump
units 205a,2054,205¢,205d,205e are substantially parallel to the axis of rotation of the impellers
220a,220b,220c,220d,220e and share a common axis sugstantially parallel to the axis of rotation of
the impellers 220a,220b,220c,220d,220e. Advantageously, the pump units 205a,205b,205¢,205d,205e
share a common 18%eritBehid0e RSN I reudeb £oams!e 5302 26k 2486 205ré*A &hifiBn axis

of rotation. By such gyausipRind) sutyapitrits 2058,2054):26800525d,205e are configured to optimise

the compactness of the pymp 200.,. . Advan Qul I ntthe imqugrs 22030%9@,2200,2309%,2@% are
connected to a drive shaftLll%O. Zo&)'snvenient %qt%e rgréi(ve' shaft 260 and the impellers

220a,220b,2200,228%63 268 ke A%bRTor 512450 t86 3154 2488 pihily BRe dMfheteBPTRE shaft
260 is in the range Qk49:30% ¢ oidlIemitke ot amithge|dvahudsp GH4ion2200.3422 28 (RS 2218 222€.

The diameter of the Shaif 2QQrelaive. e diesmeies Auihedayhgostinadgra. 222b,222¢,222d,222e
may be 25selected to suit each particular application envisaged for the %ﬁé)% 4c f%ﬁ F[?ﬁe
embodiment, the casing 20 BSnFREERE a@ﬁgf‘{ﬁ%itgrziﬁg',zf‘fb?b‘?ﬁic%% BEOECHTOR T ah
alternative embodingént, 2ibCAdinglad G4naptim iktechasimiie 8Ra AR LATORTIA 23T #hE ¢d%hg units

210a,210b,210¢,2108,2 408, 2304 oupBrises, adbsbaiie faringieviasd averr cor ofdhsraumpiand a

second side facing towar. isch d e pump. The casing 210 comprises a first end or
feed casing £§it 21 é\%n%%%%gg%g{dg § : oer’%f‘lé?:'harge casing unit 210f. WO

2011/101636PCT/GB201 Tivoesye 38its 215 &18%BediAeR? Ohe ChLig 2 HERAEHP Lhipties four
intermediate casingqgnis 26021 Q6:2)pdaR} Bethe rangdnotiiis-eoobadiment, the first side of the first end

or feed casing Lnit 2102 is gy RalaRiall i 346PIA0R% A RAUIRDERR.E8 ABBALFAIRnGected o

o
the inlet 5¢channel 230a of the f?rst end or feed casing unit 210a. The second side of the first end or

feed casing unit 210828 AI8bRNESRIER e the rang of 50-500 mm
15 Advantageously, the impellers 220a,220b,220c¢,220d,220e are capable of

rotating clockwise and/or counter-clockwise.

Preferably, the impellers 2202,220b,220¢,220d,220e are capable of being
rotated ciockwise and counter-clockwise. By such provision the muliistage 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¢, 2050, 205¢’ is of 2 generally similar design to the pump unit 105
described in Figure 8.

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¢e" further comprises a
impeiler 220a’,220b’,220¢',220d',220e" provided respectively inside the casing for
pumping the fiuid through the fiuid passage channel 215a’,2150",215¢",215d",215¢",

in this embodiment, each casing respectively comprises an inlet channel

35 230a’,230b',230'c,230d',230e’ and an outlet channel 24Ca’,2400", 240¢',240d',240e’.



to and in abutment with the first side of adjacent intermediate casing unit 210b. The second side of
intermediate casing unit 210b is sealably connected to and in abutment with the first side of adjacent

intermediate casing'lunit 210c. 10The second side of intermediate casing l{:’&irtr /%]B%lil%asﬂably
connected to A K HbUHfent with the first second side of adjacent intermediate ‘casing unit 210d.
The second side of intermediate casing unit 210d is sealably connected to and in abutment with the
first side of adjacent intermediate casing unit 210e. The 4&cond side of intermediate casing unit 210e
is sealably connected to and 15in abutment with the first side of second end or discharge casing unit

210f. In this embodimERNth&' sdfbnd &le TRME Se OMP erdrake At SRR P TP R0t is
substantially solid acarpiéssara dird comigtises@nidpe’r @i 251 ¢ @I 2dtbioiivg extdetchamriet 240a of

the second end or disehayae sasiaAENS BLOB GORMERIENYY: 3A6PUBRAHAISIuRe duk REavisling an
impeller 20 220a,229b 220c %20 ,220e b?twee @he fb“@é%&'ge ogég%;l%g unit betantial
210b,2100,210d,21f?e?§%f a%dt éese%edesride 0 afe%pect!v Fy’a jac casEIH%IOL'initsu siantially
210a,210b,210c,210erRerdécular  |fichis @mbddithencan@ifing siddof afedsingasiege  channel

210b,210c,210d,219e5310f=angh e semopcsside of a regpektivelyadjagent casipgtunit channels
210a,210b,210c,21 2 axially- la te nectign.nean ch as.screws or
%é@é%t%ﬁ%é‘é o268 *?é‘ép%%%gﬁ 9%93&8%% SR %@e %s?eiﬂ 5%&&9

bolts (not shown) provided wi 10les or recesses vantageously, Irst side of a casing
unit 210b,210c,2108%8 0% 58 FARL AT 2848 d"4idR oPHFeEH kBTl EdAEEntReERdg uFfignnel
210a,210b,210c,212th2 1D¢ic ariicmbditadfie’ anottaetisiy asrtddomatheifl ufdpaksagfarehapaids

30215a,215R215¢ 2350 s2bpesiiesorte span dingiH SUndits A9 32 28rRe 8P 6 2P pd e 0% aining
Advantageously also, the first side of a ca%lg% unit 210b,,2%00 210d,210e,210f and the second side of

a respectively adjadBhl 48R AP RODLA bir AIGR 21166 31025t fiplement one another so as to form
the second portions 35232dy2BH9RBBlY,230el, 232en 242 22262307 22(%d, 202¢, ke Mieecannels

A0a 2402400 2 e D i mnor
a, ,240c, e, of the corresponding pump_unit 205a :
Inthisembodiment,tﬁ’g%t_fr}v@a%gr io§¥ Su? 5?5@@ ;é%cp%853%6@%%%&%%4%@%4%5%%@%921& of the
inlet channel$ 5230 730¥:d 30 epignee 23D er I GIRRS ¢HBRAIRPZAGa, 240b,240¢,240d,240e are

ln  an embodiment, the connection between the inlet channel

230&',230b6°,230'¢,230d',230e’ of & pump unit and an outlet channel

240a',2400',240¢',240d' 240e’ of an adjacent pump unit is provided through their

respective first or axial portions

20 234a’,234b',234¢' 234d’ 234e’ 2448’ 244b' 244¢’,244d°, 244", In such embodiment, the

first or axial portions 234a',234b,234¢",234d" 234e' 2442’ 244b' 244", 244d',244¢’ are

provided at an angle relative to the axis of rotation of the impellers
2208,220b',220c',220d" 220e".

in an alternative embodiment. the connection between the inlet channel

25 2308'.2300',230°¢,2304',230e" of a pump wupit and an outlet channet

240a’,240b',240c',240d" 2402" of an adjacent pump unit is provided through a

connection portion connecting the first or axial portion 234a',234b",234¢’,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’ 244e’ outiet channel 240a’,2400°,240¢’ 240d' 240e’ of

30 an adjacent pump unit. The connecling portions may be curved, or alternatively may

extend at an angle relative fo the axis of rotalion of the impellers
220a',220b’,220c'.220d' 220e’.

Referring {o 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.



provided within the casing units 210a,210b,210c¢,210d,210e,210f. In this embodiment, the first or
axial portions 234a,234b,234c,234d,234e, 244a,244b,244c,244d,244e of the inlet channels
230a,230b,230c¢,230d,230e and outlet channels 240a,240b,240c,240d,240e are provided within the
casing units 1024 &4, 210k*210c,210d,210e,210f. The casing units PCT/GE2011/600222
210a,210b,210c,210d,210e,210f have a diameter in the range of 20-1,500 mm, and typically in the
range of 50-500 mm. The casing units 210a,210b,2K40dc,210d,210e,210f have a height in the range
of 10-1000 mm, and typically in the range of 50-500 mm. 15Advantageously, the impellers
220a,220b,220c,220d, 2208 reusapii s ein pitas mgPitekiti 8558 tHHe é@HPﬂéVifSél%R\Rﬂga?m of the
Preferably, the impeligend 2832208, 380 GrreRtb A2 rearsafapioditg aidring mytated ciookveise and
counter-clockwise. Bg S CQQQIQA’EJ Bhe multistage pump 200 may be used in a first or normal fluid

direction and in a sesc ﬁg or reverse fluid 20direction. This allows a user to reverse the direction in

which a fluid is being pump#eiadydbriAaicial ift Fysiara AU SRR EMBO BRTEIR|MYLTHEHRS, THEVS is
described a regenerahre pinipr 236rpedardingotoneisecdmneneniodiment of a second aspect of the

present invention. The purpg,2Q s, 2 llisaqesrearasiate-pumRLapneealy saances design to
the pump 200 of Figures 1 o 8, |i eg%e%}rt_s being d?noted by like humerals, incremented by "™

However, in this embodim&Rt, B R SHGHRDY TRSARS LARG SHESS565 3B5%e55LaP _@gghis ofa
generally similar desfyautatieenowerpsupityl 08t deseribdrY ipoPigghammeans, e.gERBRETRNEMIE units
205a1,205b',205c1, 20k, 205€e’ comprises a casing, each 30comprising a fluid passage channel
215a',215b',215c¢',215d',215¢€". .. Each of the units 205a,205pb' ' d'y2Q5e: further
comprises a%lg%peller 2202’?2‘“268’%561’%2?6‘&32‘3&@ E’r \5?(%%9@@6%&%\35%/%%%5@%g%:%_s%\%%?g
pumping the fluid theouéffedhetdd rrYsRItceRoTar 24osdng exsiovontsle Bdid psidesige fasing 340
embodiment, each casing TeRspgaibiglyfcerpisea@amsinehehannipbed 280af230h' 230, 288id!11230e

and an outlet chan%g%0%§§ée%§ﬁ?fg%% %@s%ﬂ%%ﬂﬂ?a@ﬂn%@e%@g’rﬁ%?(@8@%3;!&}99&?2 40

Each of the inlet channels 23( _ ,230d",230e’ respectively comprises a flrstfor amiall portion
234a',234b',2340',234d", 2348 R HEHALR PRI AT ISES AR YR H iy such as a fossiTiue
215a',215b',2%50'", 21i5d 1221 bé'cs wastangiadly parallel to an axis of rotation of the impeller

2203"220b1’2200'220d111¥&&1|ﬁ'ﬂ@??e%é9@%@@5¥0 between an outlet of and an iniet of each pump
5perpendiculartoaplanecantai i

outlet channels 240‘&”,‘%%%3;%%%%%%6%{%2%%5? Ko aFn Pae:?zelo§qll fhr0id Jf%g: e ?ﬁ»leg’%n%%‘;"&m of the

espec Vel c¢omprises a fi 1o axia porti
2444,244b',244c',248d',244e1 which extends from the fluid passage channel

215a',215b',215¢',215¢c11 2Aheisubaiantiathe paralleh to aniaxisestuatgiiondetitbe sagelemp unit
10220&’2209('3220%55&)9' §BZ'Q§ a’%g% gyg%%?%lya%éo%%grp@' A RANRSANRIME 9L Tpid
passage channel 21 a,2£r , fgc g , 15e', o
50-100 psi, when the pump 200 is used for pumping oil.
Typically, the operative rotational speed of the pump 200 is in the range of 500~
25,000 rpm, and typically in the range of 3,000~20,000C rpm.
Referring to Figures 15a and 15b there is shown an oil pump 500 for a gas
25 turbine engine according to a first embodiment of a sixth aspect of the present
invention,
Advamageously, the pump 500 comprises a pump 200 according to first
embodiment of the second aspect of the invention, iike 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 reservolr to the gas turbine engine.
in this embodiment, the feeding section 501 comprises 2 pump units
505d,505¢.
Praferably, the pump 500 further comprises a scavenging section 502 for

35 pumping oil from the gas turbine engine to an oil reservoir.



Advantageously, the pump units 205a1,2051:11,205c',205d1,205e share a common centreline, e.g.,
the impellers 220a',220b',220c',220c11,220e1 share a common axis of rotation. By such provision, the
pump units 205a’',205b1,205c¢',205d',205¢€" are 15configured to optimise t of the pump
200'. In aW@rﬁ%H]%@ﬁt, the connection between the inlet channel 23%%%%9&%%%230d',230e'
of a pump unit and an outlet channel 240a1,240b1,240c1,240d',240e" of an adjacent pump unit is
provided through their respective first Or axial portions 29
234a',234b1,234c1,234d',234¢€',244a',244b',244c1,244d',244¢€1. In ngh gmk)r%dismgntut e &Iﬁ&g or axial
portions 234a,234b',234c D30 9BREITERY: DHaS AN Y AFA U Ard Provided atan angle relative
to the axis of rotaticved. tHietrdpmllers 220a’,220b',220c¢',220d',220e". In an alternative embodiment, the

connection between the injet;gRasRebRnet30an 3mBS0'6:2 3062 308 05E6R 30T, Bidamd tie outlet
channel 240a’',24013',240¢1,240d',240¢e"' of an adjacent pum it | [ t ction
é“ﬁ,“é{"&? sechidn o 2 54 ageé%i%g% 4g@§§%5§ ﬂ@}éﬁ%ﬂs I%r HhskGANRE

portion connecting i axialportion an inlet channel
230a’,230b,280'c, 2 8adlizBeretion &ump unit and an the first or axial portion
244a',244b',244¢',244d', 2448 autlekblaanebd4R8t, 200b),R46cd!, a0’ 1240 S05R, 3T Gdjackrt pump

unit. The connecting_portio: r f tivel t LAR apsiestelativedo the
axis of rotation of th%%ﬁ?égﬁgrsgé %%%Zaggf)g%g%é)&%gﬁ}@zxw & S@ﬁerriﬁg to Figures 14a and

14b there is shown8AIiRRFEPT #PSystem (ALS) 300 according to a first embodiment of a fifth aspect
of the present invention 3Bceantrisingia. muttiseddé tegtiherstavensing a4t M2 is conmigaigsiifip 400

comprises a;gump 200 aceoding 1A dhR,fiest embedimapkeiithesscendaspeshg i inyeantion, like
parts being denoted by like numerals, but supplemented by 200'. Typically, the artificial lift

system 300 comprif¥* & BREEHAal Submersible Pump 5(ESP) 310 for insertion into an oil well or
downhole. Typically, the ptenpen@otis diieefepying nferPE200h 8t} HSEeMERNhARA8D. 502 #%e motor

320 is electrically opgsatedsand-eoanestadioccpawen sugpbssuch as surface power supply (not
shown) by connecting meﬁ%ﬁfe%n%‘&%‘&?‘n\’&‘r'U%;9%68*?4%&83&‘%@5@3@@'&&%@@8f?sh?uﬂgui:%

provided within a casing he casing I1s provided with a supply portion 350 for allowing a downhole
fluid inside the casief340. The artificial lift system 300 is further equipped with filtering and/or straining
means 360 for removing at lrastsoatiespantodiaietht engrfpoinCtivefl bidopetiteg wingwdseryipitdlly, the

fluid to be pumped gomprises. ainaldrRNING SHchARiR  RRRIEHRINS UId, e.g. oil or natural gas.

Typically, the pressure rise ratio between an outlet of and an inlet of each pump unit
405a,405b,405¢,405d,405¢ is in the range of 1-100, and typically in the range of 1- 10.
Typically, the incrementalRgénrincfhgicF jsrees i@ pidiced BPe didigpisnshaniitan wind turbine 800

20405a,405pA05¢ 40RshidRS g datm rangeny 200286psingnd W pictlbribddieenge0b8@:400 psi,
when the pump 200 i Ysed (0" PR g Ao
Referring to Figure 16a, the wind turbine 800 comprises a tower 610 supporting
a nacelle 620,
The wind turbine 800 comprises a piurality of blades 630 extending
25 substantially radialiy from an end portion of the nacelle 620.
The blades 630 are mounted on an end portion of a (ow speed shaft 640 which
is connectad at an opposite end to a gear box 650.
The gear box 850 is connected to a high speed generator shaft 680 which in
turns drives a generator 670,
30 Typically, the gear box 850 is continuously iubricated by a gearbox iubrication
system (not shown),
Conventionally, the gearbox iubrication system is focated within the nacelle 620
of the wind turbine B00.
Referring to Figures 16b and 16¢, the gearbox lubrication system comprises a

35 lubrication pump 700.



Typically, the operative rotational speed of the pump 200 is in the range of 500- 25,000 rpm, and
typizally in the range of 3,000-20,000 rpm. Referring to Figures 15a and 15b there is shown an

oil pump 500 for a gas 25turbine engine according to a first embodiment of a %ﬁgﬁ&sﬁ%%; of the

present inventi¥f 201V antageously, the pump 500 comprises a pump Jo0 5! 6 first

embodiment of the second aspect of the invention, like parts being denoted by like numerals, but
supplemented by '300'. 30Preferably, the pump 500 conmagrises 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 5UEdiBEBetion pump 7PRERIFEBIREL R FIMABFERIdRE R Gl RBEINEhvenging
section 502 for 35pymping Qih i erpibe Gasetinintoanghaeptoansily esaniedr b\ Wika numerals, but
2011/101636PCT/G13%%%496000%}2% %2 In this embodiment, the scavenging section 502 comprises 3

C. In ?h

pump units 505a,5(%'8, is embodiment, the number of pumg unjts 505a,505tbﬂg%5c in the
scavenging section 502 i eFiEaREH M RMBM(PRISEMEF iBem b eRTlRossHo 08 (R REBYBE &G Cection
S01. In an altergative:esnbodimengsthsonrumbentiohsystrunits 505a,505b,505c¢ in the scavenging

section 502 may be less than,the JRBR(AL PYEP iR S0RLER5e M thedpaciay sestiap 50

Advantageously, an outlet 540c of the scavenging section 502 is connected to a 10filter means (not
shown), e.g. an air/éfieffRi%tor, prior to the oil being discharged into the oil reservoir. Conveniently,
the feeding section 501 aRteaiiyndhegrReticiIBORMHIR @aMsIRE] 20°8AEOF IRIVERSIS) & Borffthon

shaft 560. In this embedimenti-theiga RPSris enpiateckaleriyyisedas viewed on Figure
10 In this embodiment, the scavenging section 702 comprises 3 pump units
705a,705b,705¢.
in this embodiment, the number of pump units 705a,705b,705¢c in the
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,705¢ in the
feeding section 701.
Advantageously, an outlet 740c of the scavenging section 702 is connecied to a
fiter means {not shown), e.g. an air/oil separator, prior to the oil being discharged into
20 the ofl 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

counterciockwise depending on operating requirements.



1515a In an alternative embodiment, the pump 500 may be operated clockwise and/or
counterclockwise depending on operating requirements. - Referring to Figures 16ay{6h) ard
16c there is shown an wind turbine 600 20comprising 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 25substantially radially from an end portion of the nacelle 620. The blades 630
are mounted orpapeizel portion of a (ow 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 generaor 67Q. %83}3/%5?9' ‘m% gg@,{?@%ﬁ pnt#md%us ubrlc%te}dth %Ic?c e%ﬁ rbox

lubrication system (not show ventlon fication sys em Is d within the

nacelle 620 of tﬂ?%%%ﬁ?@ﬁﬁﬁ"@@@m@gtﬁﬁiaﬁ?% #dlyid maseaee Hisyekdkatisaehtion system
comprises a 35tigricagierpormydédOnsd®: the Thoad igritatioumming phe0 Bued thpsises taep o 200
according to firgzeeagedimeny of the second aspect of the invention, like parts being denoted by like

numerals, but supplem nted % 00'.. Preferab gg?rpp 700 com rlsesa eeding section 701 for

pumping oil from 5an Oil TEServair (o the GearBe ﬁu% g, oighe" Biinel aind &1 lest one
outlet channel in communication with the fiuid passage channel,

wherein the plurality of pump units comprises a feed pump unit, a discharge
pump unit, and one or more intermediate pump units,

and wherein at ieast the outlet channel of the feed pump unit, both the ‘inlet
channel and the outlet channel of each intermediate pump unit, and at ieast the inlet
channel of the discharge pump unit each comprise an axial portion at least partially
paraliel to an axis of rotation of the at least one impelier, the axial portions being
aligned and sharing a common axis substantially paraliel to the axis of rotation of the
at least one impelier.

2. A pump according to claim 1, 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
housing.

3. A pump according to any preceding c¢laim, wherein the at-least one inlet
channel andfor the at least one cutlet channel comprises a second portion extending
from the fluid passage channel in a plane at least partially perpendicular to an axis of

......E rotation of the at least one impeiler,
4. A pump according o ciaim 3, wherein the second portion exiends from the
el . . 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 tangeniial to a continuous fluid flow between the
svae second portion and the fluid passage channel.

5. A pump according to claim 3, wherein the secand portion is substantially
radial relative to an axis of rotation of the at least one impelier.



In this embodiment, the feeding section 701 comprises 2 pump units 705d,705e. Preferably, the pump
700 further comprises a scavenging section 702 for pumping oil from the gas turbine enginego@an. pil
reservoir. 10In this embodiment, the scavenging section 702 comprises 3 pump units 705a,705b,705c.
In this embodiment, the number of pump units 705a,7g§b,705c in the scavenging section 702 is
greater than the number of pump units 705d,705e in theé feeding section 701. 15In an alternative
embodiment, the number of pump units 705a,705b,705c in the scavenging section 702 may be less

e o ot PUTRNR SR Werp I dRee 00 SRl he aulMRIRIRAURY, an outet

740c of the scavenging section 702 iS connecte er means (not shc , €.9. an air/oil
separator, prior¥SHid BAEEIRY HIE & &rgebertd POtRRIGT RAEEhERNER) IR McFRI) MHCRigAing section
701 and scavemyingsestishe? 02ddireace sppttetddpadiasidrnerubyedmatiomon shaft 760. In this
embodiment, the pump 700 is operated clockwise as viewed on Figure 15b. 25In an alternative

embodiment, the pump 700 may be operated clockwise andior counterclockwise dependjng on
operating requ?fémen s.p.(E]PA?ﬁ%grﬁP g f% Rnr%é’é%cgréé?ﬁlgsﬁ'%‘ﬁhgée r}‘i)IEPS n%ogsﬁi%rgli?f/g&dﬁdmp units,
each of the pluMifyAoTEFIRN P SHIEPROMRPASIRY & Holdreseanphesing eofing pearshgdichasinel; and at
least one impeltereproatideshiesittenihe ot sing 406 RUBAPE AR FlwekHreLghidbe: gl passage channel,
wherein the hougipg.gomprises at least one inlet channel and at least one outlet channel in
communication with the fluid passage channel,

8. A pump according to any preceding claim, wherein at least one and
preferably each of the plurality of pump units is axially ssalably connectable to at
least one adjacent pump unit.

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

is arranged in series.

10. A pump according fo any preceding ciaim, wherein each pump unit comprises

one inlet channel.and one outlet channel.

11. A pump according to any preceding claim, wherein the piurality of pump units

comprises one or more intermediate pump units.

12. A pump according to claim 11, wherein the inlet channe! of each intermediate
pump unit is connected to the outlet channel of the feed pump unit or to the outlet

s . channel of an adjacent intermediate pump unit.

®
Brbeag
€ L]

. ee 13 A pump according o claim 11, wherein the outiet channel of each

e s intermediate pump unit is connected to the iniet channel of the discharge pump unit

or to the inlet channel of an adjacent intermediate pump unit.

14. A pump according {0 any preceding claim, wherein the injet channe! of the
.oee feed pump unit and/or the outiet channel of the discharge pump unit comprises an
axial portion substantially paralle! to an axis of rotafion of the at least one impelier.

15, A pump according 1o any preceding claim, wherein the inlet channel of the
feed pump unit and/or the outlet channe! of the discharge pump unit extends from the



wherein the plurality of pump units comprises a feed pump unit, a discharge pump unit, and one or
more intermediate pump units, and wherein at least the outlet channel of the feed pun’;@d)gutﬂL}both
the inlet channel and the outlet channel of each intermediate pump unit, and at least the inlet channel
of the discharge pump unit each comprise an axial portion at least partially parallel to an axis of
rotation of the at least one impeller, the axial portions b&ng aligned and sharing a common axis
substantially parallel to the axis of rotation of the at least one impeller. 2. A pump according to claim 1,

wherein the at leagf paedplediehaBngl ApEY dbeatipaskR sepdiicianpahisReHnbalado the fluid
passage channelf%réd or thF housing. 3. A pump according to any preceding claim, wherein the at

. eaa on?ﬁmpe?!Ier. . . )
least one inlet cRannél and/or the At least one outlet channel comprises a second portion extending
from the fluid passage channel in a plane at least partially perpendicular to an axis of rotation of the at
least one impelle. *AQEhe aSOrdOP DAy Fededing wiaip anBerein ghto et ttreinthe second

portion extends LopydhendHidiRAss3amSIARNGId LA SHREIALAR! BASHAGARLAHELAN AigsOf rotation of

the at least one mq_eller andlor wherein the second portion extends from the fluid passage channel in
a direction substan I%%ﬁﬂ%ﬁﬁ%@%ﬁ’%%ﬂ§"ﬂ'ﬁ'ﬁi‘ﬁow between the second portion and the fluid

passage channel. 5. A pump according to claim 3, wherein the second portion is substantially radial

relative to an axig of rotatigip elcthedaid aadrgnNerdBuRileHadtd hdeRPUTRD AEH05EHEhE0.amEOf claims 3 to
5. wherein the g2} portion.paie seeand Porkion R1Ae of Jess! ane istandior gl ghannel are in
communication with one anqt%er and/or are connette 'byy at'least one curved portion. T pump
according to anf FFEBERhGEfaitrPHtitAln BeeaiRluSing s Rt ERNIRR aTbBRi&l &asiripifer separating
a fluid passage iohvagtinel portion near the at least one inlet channel from a fluid passage channel
portion near the at least one outlet channel. 8. 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 adjacent putip urfit P& RISERR 880%91%%@98‘5&5 ﬁlﬁé@emjﬁedeé%¥m,%ﬁ%£%i #HER IRty of pump
units is arrangetf iFPsEgIsed tedianepr R ASNIEiossuEp ikt drielams wheeapturibhadump unit
comprises one igleicharnrebans aneutietcharegionl1l. A pump according to any preceding claim,

wherein the plurality of pump units comprises one or more intermediate pump units. 12. A pump
according to claim 11, wherein the inlet channel of each intermediate pump unit is connected to the

outlet channel of$he fée8YRARFENRIBS i 1REY RIRASHNS REIBr AReIBjRJBAL HRSHRIEdRAE Bump unit.

000 0S plurality of pump units are connected to and/or share a common axis of rotation with
a drive shaft.

20 A pump according to any preceding claim, wherein the pump comprises two
to three hundred pumps units,

21. A pump according to any preceding claim, wherein the housing comprises &

pluraiity of housing units.

22. A pump according to claim 21, wherein each of the plurality of housing units
ces = comprises a first side facing toward a feed end of the pump, and a second side e
facing toward a discharge end of the pump.

23. A pump according to any of claims 2110 22, wherein the plurality of housing
e e units comprises a feed housing unit and a discharge housing unit.

24. A pump according to any of claims 21 to 23, wherein the plurality of housing
units further comprises at ieast one intermediate housing unit.



-0 13.A pump according to claim 11, wherein the outlet channel of each S Ointermediate pump unit is
connected to the inlet channel of the discharge pump unit or to the inlet channel of an adjacgits; | p
intermediate pump unit. WO 0 0000 14.A pump according to any preceding claim, wherein the inlet
channel of the feed pump unit and/or the outlet channel of the discharge pump unit comprises an axial
portion substantially parallel to an axis of rotation of thedat least one impeller. 15.A pump according to
any preceding claim, wherein the inlet channel of the feed pump unit and/or the outlet channel of the
discharge pumetinit extenoe fronorbieg 46 dligl passagesfhamaldn suplanenat keaskpastially

perpendicular tq X! KBIRHINLAL DS RhIEASE RRIIBEIRT sidS o MRYEMR AGHOFNRIERANY

preceding claim, wherein the connection between an inlet channel of a pump unit and an outlet
channel of an afjdRRERMhE Y R AYeRELIRaIRSIAIR R4S LBve axial portions. 17. A pump

according to any preceding claim, wherein the axial portions of the inlet and outlet channels of each of
the plurality of pzanp URissAEeRIBRALADdERAE: ARURMaRAsEsHbsRNbaleRarRlg] tnthe axis of
rotation of the ajeqet e WIRSIET,45: AAUTRACCOICng iaany pregeding dlaim, whergin the
plurality of pump units Is con |gur%éﬂo Rave 5 common centraling such that the | %eﬁers of the
plurality of pumpBTuRiteedtisleide chaisireeris e ToesiRin "asing pilnp according to any preceding claim,
wherein the impellers of the plurality of pump units are connected to and/or share a common axis of

rotation with a dgive shaftur0- ARG A RHABIAGALY RS SN FAR. HOGFEI fhe fummp comprises
two housing unit is axially sealably connected io the second side of an adjacent housing

unit.

28. A pump according to any of claims.21 to 27, wherein a2 pump unit is formead by
providing at least one impeller between the first side of a housing unit and the second
side of an adjacent housing unit.

29. . A pump according to any of claims 21 to 28, wherein the first side of a
housing -unit and the -second 'side of ‘an adjacent housing -unit complement -one
another so as to form the fluid passage channel of the corresponding pump unit.

30. A pump according to-any of claims 21 to 29, wherein the first side of a
housing unit-and the secand side of an adjacent housing-unit compiement one
another so as to form the second portion of the at least one iniet and/or -outlet
channel of the corresponding pump unit.

creees 31. A pump according to any of claims 21 to 30, wherein the first side of a

housing unit and the second side of an adjacent housing unit complement one

wee another so as to further form the curved portion of the at least one iniet and/or outlet
channel of the corresponding pump unit.

32. A pump according to any of claims 21 to 30, wherein the curved portion of the
v o al-least one inlet and/or outlet channe! of the corresponding pump unit is provided
within at least one of the adjacent housing units.

33, A pump according tc any of ciaims 21 {o 32, wherein the axial portion of the at
jeast one inlet and/or outiet channel of the comresponding pump unit is provided
within at least one of the adjacent housing units.



to three hundred pumps units. 21. A pump according to any preceding claim, wherein the housing
comprises a plurality of housing units. 22. A pump according to claim 21, wherein each o}gtgg qJHrality
of housing units comprises a first side facing toward a feed end of the pump, and a second Side eF
facing toward a discharge end of the pump. 23. A pump according to any of claims 21 to 22, wherein
- the plurality of housing units comprises a feed housing]%nit and a discharge housing unit. 47 25.A
pump according to claim 24, wherein the first side of the at least one intermediate housing unit is
connected to the second side of the feed housing unit or to the second side of an adjacent
intermediate housing unit. 26. A pump according to claim 24, wherein the second side of the at least
one intermediaig. hougipghNcieMNRERH JR:tR8iINESl Sidewtkiam tscharge baystgisiior to the first
side of an adjacent intermediate housing unit. 27. A pump according to any of claims 21 to 26,
wherein the fir$E gﬁ%j}ae&{ gﬂ%rs?%gelﬁ?? ?s?vé’ll)s(%ﬁ?/ Seala g}ccgd%r{\vésgfed to the second side of an adjacent
housing unit. 28. A pump according to any of claims 21 to 27, wherein a pump unit is formed by
providing at le&st oneximpaesdeetdnas othafipstciden gfdanousirgeimiharmaimisedeadaide of an
adjacent housipg unif, 2%, ARURPATISIIINGLR BvOLalaiResligRRheieidhs-festside of a

housing unit and the second side of an adjacent housing unit complement one another so as to form
the fluid passage ChaRT 8P RRER8hEINY pump unit. 30. A pump according to any of claims 21
to 29, wherein the first side of a housing unit and the second side of an adjacent housing unit

complement ong anofhesfn@siiafermgheseesngd Rendas ehthamtdeast, are metandies outlet
h | of th ing. it, "31. ' claj , Wherein th
channel of the cgrrggR@gg%%%Hﬁrﬁgggﬁ ﬁé@gg@ﬁﬁ@&:ﬁ@%@ﬁ%@%ﬁm RadpR0, wherein the

first side of a .?IOTJ%IHQ unit and tr S _ nt nousing unit complement one another
50 as to furthelBRIFIHRIIHR IHSRISR BripBifRRYTBRe IfelUn s Biae JhART Bihe

corresponding guamelinit.  32. A pump according to any of claims 21 to 30, wherein the curved portion

of the at least one inlgianshoneuiet FhamghAthe CREGSRRNAIBOIRLRMR Ul isPEaddesbwithin at least
one of the adjacent housinﬂ units. }?ﬁ%‘%ﬂpum accgrdina to any of cl irﬂs 21 to % Wh?el;{ein the axial

portion of the st {eAst GABSHLEARE MRARRELGR & B oSt gneD

?és%%?rehsanne K F . o
ponding pump unitis provided within
at least one of theragj&edrithstisiag) edtgutiet channel each comprising an axial portion at least

nartially paraliel to an axis of rotation of the at least one impelier, =

and wherein the axial portions of the at least one.iniet channel and the at
‘least -one outlet channel of the at-least one pump- unit, are aligned and share g
common axis substantially paralte! to the axis of rotation of the at least one impelier.

37. A pump according to ciaim 36, wherein the at least one iniet channel and/or
the at least one outlet-channe! is peripheral to the fluid passage channet and/or the

housing.
e “’E 38. A pump according to claim 36 or claim 37, wherein the at least one iniet
® :‘--E channel and/or the at least one outlet channe! comprises a second portion extending

from the fluid passage channel in a plane at least partially and preferably

L e e

cee o substantially perpendicular to an axis of rotation of the at least one impeller.

38, A pump according to ciaim 38, wherein the second portion extends from the
e fluid passage channel in a direction not passing through an axis of rotation of the at
M least one impeller, and/or wherein the second portion extends from the fiuid passage
channel in a direction substantially tangential o & continuous fluid flow between the

second portion and the fluid passage channel.

40, A pump according fo claim 38, wherein the secoﬁd portion is substantially
radial refative to an axis of rotation of the at izast one impelier.



48 34. A pump according to any preceding claim, wherein the at least one impeller is capable of being
rotated clockwise and counter-clockwise. 35. A pump according to any preceding claim, wée’i%}the
pressure rise ratio between an outlet and an inlet of each of the at least one pump unitis i nge
of 1-100, optionally in the range of 1-10. 36. A regenerative pump comprising at least one pump unit,
the at least one pump unit comprising a housing compriﬁﬁg a fluid passage channel; and at least one
impeller provided inside the housing for pumping the fluid through the fluid passage channel,

wherein the housing comprises at least one inlet channel and at least one outlet channel in

communicationzwith ti}\e fluid passage channel, the at least one inlet channel and the at least one

outlet channel each cHRPMSIAG 2N a%isl POrHRS S AR 28D ARiARPI AN @EehRoARS 8Pddigtion of the at
least one impelf&£ond pefan @ dheintteash aak Jokicmsiof theiaitdeamtadmesimetarhanniehand the at least
one outlet channiti ohéhex@ihizastionarpuaihedic aiealigapshandsEamR @dpmmon axis substantially
parallel to the axis of rotation of the at least one impeller. 37. A pump according to claim 36, wherein
the at least one inlet channel and/or the at least one outlet channel is peripheral to the fluid passage
channel and/or tfie hdbi8HEP GC3ERH AR EESIRITEY 36 Bidim W titiimherivtierivides at least one
inlet channel wittlobatentisaspensepatieingha ime| eosHgE St e e aehparEoRS sigswling . from the
flud passage chanbiaraantont asinulallicattmalBialf neasiiSl Al pepgagicular o an
w

axis of rotation gf the at least one impeller. 39. A pump according to claim erein the second
: anne ) . e . . .
portion extends from the 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 subgtantialyptangemiiadite scaytsiupisdlsikday hrbvaeminaspcambrgstignand the fluid
passage chanrﬁjmégni@ pump according to claim 38, wherein the second portion is substantially radial
relative to an axis of rotation of the at least one impeller. 49 41. A pump according to any of claims 38
to 40, wherein the axial portion and the second portion of the at least one inlet and/or outlet channel

are in communigationfwitimoresemditigetoamny/ arf areimeraterterd, byrafdensiconeisaivesepagion. 42. A
pump accordingr ook BS540 boNheran (R GHSIRY (Y PHsya A Rarsor Strpper
chann

separating a ﬂﬁ:@rﬁ%? age cha ne{ aQortici;(r}{”near the at least gne inle rom a fuid passage

channel portion near the af least ohe ou &4 (3] one impelier, and wherein the at least one

outiet channel extends from the fluid passage channel in a plane at isast partialiy
perpendicular to an axis of rotation of the impelier, or vice ve'rsa.

45, A pump according to any of claims 36 to 44, wherein the at ieast ane pump
unit comprises one inlet channel and one outlet channel.

48. A pump according to any of claims 36 {0 45, wherein the housing comprises &
pluraiity of housing units.

L]
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et 47, A pump according to claim 48, wherein each of the plurality of housing units
o us comprises & first side facing toward a feed end of the pump, and a second side
e facing toward a discharge end of the pump.

T e, 48. A 'pump according o any of claims 46 to 47, wherein the pluraiity of housing
T units comprises a feed housing unit and a discharge housing unit,

48, A pump according o claim 48, wherein the first side of the distharge housing
unit s axially sealably connected to the second side of the feed housing unit.



43. A pump according to any of claims 36 to 42, wherein the pump comprises one pump unit. 44. A
pump according to any of claims 36 to 43, wherein the at least one inlet channel comprises$iars aixial
portion at least partially and preferably substantially parallel to an axis of rotation of the at least one
impeller, and wherein the at least one outlet channel extends from the fluid passage channel in a plane
at least partially perpendicular to an axis of rotation of thg impeller, or vice versa. 45. A pump
according to any of claims 36 to 44, wherein the at least one pump unit comprises one inlet channel
and one outlet channel. 46. A pump according to any of claims 36 to 45, wherein the housing
comprises a pl&fality HPYBIRAIEFING osmB b eljimy 4R tp dh prhetainding 6 eriifa wereghlerein each of
the plurality of banging anitasomprisesiRfissheids tasingtenardiafieadreyefHhapyrpi and a second
side facing towgyd @.ﬁ%gt}ﬁé@s%s%ﬁé ;ggdq{g@%g4§mA pump according to any of claims 46 to 47,

wherein the plurality of housing units comprises a feed housing unit and a discharge housing unit 49.
A pump according to claim 48, wherein the first side of the discharge housing unit is axially sealably
connected to tH¥ secénpbsigesoftiinipéal rousingaimst 48ME SLLPNEGIDheAfimimsi@ctanding to any of
claims 48 to 49;ugrQimneLBME BritihdsH e R DXL I dIn g8k IRARk NG IeBRIRI-RGERRN the first side
of the discharge hg%sm u |t{and he second side of th% f? d h?Hsm% unit. 51. A pump according to

S 1D 1Dmn grgﬁée t

any of claims 430 b,s Wherein thé" first'Sife %%%“8&’2: haou%é?ﬁg ORRUPRHE second side of the
feed housing unit complement one another so as to form the fluid passage channel of the at least one

pump unit. 52.58 purappasgotingdogany atcliimsi4s us 5, sthanirsinentrstsideoktheglischarge
housing unit anghe.se R0 sdmeLBeeeebarsing L semplemeR! e AnaELAQ A to form the

second portion of the at least one inlet and/or outlet chann e at'least one pump unit. 53. A pump
according to afy SPeiaimheu&ids?, WharaprthetonsRicts dlelerstiRargE'AbaSHE Wteind the second
side of the feed:tasnsing daiidersptemnpwnpmisianother 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. 54. A pump according to any of

claims 48 to 535§Nher£in the curve{?ﬂgortion oftIh aat legs tic?%% inlet and/or %ut{eté;hapnhel of the at least
t

one pump unit IS 'prowd%lﬁn\f\)/it?ﬁﬁoé atsot oe D thETee housma'uerﬁ?t’%ﬁoe g 'disch rgte%ousing unit.

55. A pump acEBFARIgaE XN BLBiEATS e 160330 dife @ithefeasdaupbaivht spiriemdabatone inlet
and/or outlet chanthet of thetatuaast fane preroprwdibis-previted witbistanteass ena/of thedeed housing

unit and the dis¢hargRPRUSIPREne pump unit

b4, A pump according to any of claims 48 to 53, wherein the curved portion of the
at east one inlet and/or outlet channet of the at least one pump unit is provided within
at least one of the feed housing unit and the discharge housing unit.

o5, A pump according to any of claims 48 to 53, wherein the axial poriion of the at
least one iniet and/or outlet channel of the at lsast one pump unit Is provided within at

&
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. least one of the feed housing unit and the discharge housing unit,
. . 56, A pump according to any of claims 36 {o 55, wherein the at least one impelier

wee e is capable of being rotated ciockwise and counter-clockwise.

¢ ou 57. A pump according to any of claims 36 to 56, wherein the pressure rise ratio
between an outiet and an inlet of each of the at lsast one pump unit is in the range of
* ee "1-100, optionaliy in the range of 1-10.

§8. A housing for use in a pump according to any of claims 1 to 57.

58. A wellbore comprising at least one pump according to any of claims 1 16 57,



56. A pump according to any of claims 36 to 55, wherein the at least one impeller is capable of being
rotated clockwise and counter-clockwise. 57. A pump according to any of claims 36 to 56, rein the
pressure rise ratio between an outlet and an inlet of each of the at least one pump unit is in the range
of 1-100, optionally in the range of 1-10. 58. A housing for use in a pump according to any of claims 1
to 57. 59. A wellbore comprising at least one pump agtording to any of claims 1 to 57. MCSLLP 51
60. A wellbore according to claim 59, wherein the wellbore comprises an Artificial Lift System (ALS)
and/or an Electrjcal Submersible Pum (EI;SP). 61. A wellbore according to any of claims 59 to 60,
wherein the Arﬁé‘cial é:ff’%@&?n%cﬁg’&i F & MorHerdIBIE D ey $L0srs ARR RAhAD £ C4ER of the
wellbore. 62. Aifj&ysiamitid-Shgiéoorpiisnricansphisiagible €astaiFESPump according to any of claims
1to 57. 63. A gas turbine engine oil pump according to claim 62, wherein the pump comprises at least
one feeding segion for puping.elfiom an gl reseniolita e 4as ibine gnoing, o4, oas trbine
engine oil pump according to claim 6 , Whersih the punmp comprises Al Teast one scavenging section
for pumping oil Y8 &E§SEiItal BrRmsRiN oo rRYitad withies casaLttBiveBRtine oil pump
according to any of claims 63 to 64, wherein the at least one feeding section and scavenging section
are connected g9 andfosArivaN Y AGRIN AN A SRinG SaaKBRBricRliRRGYRIEE sqPrising at
least one pump%?cordq‘n&%p any of claims 1 to 57. 67. A gearbox lubrication systém according to
claim 66, comp‘h ﬁﬁng W %urbine gearbox lubrication system. 68. A gearbox lubrication system
according to any of claims 66 to 67, wherein the at least one pump comprises at least one feeding
section for pungaing Gil axmtabiad KRV IBUIRE GeACRMGILUBIIAHOBEYRIRIRINORe paRRAIDOX
lubrication systgm areQriictp Akl AlANS B3 19 Ol-WhETEIne.a' Fastons. R durther
comprises at least'one scavenging secti A for pumpﬁng oIl From the gearbox lu fication System to an
oil reservoir. 58/ 88B&rbox lubrication system according to any of claims 66 to 69, wherein the at
least one feeding section and scavenging section are connected to and/or driven by a common shaft.

71. A process %hanufac%;a@mwa%&emBm%@éam_%%sW&?W@m%@ YPf claims 1 to

57. 72,A process manu acgtirln? gggaratus according to claim 71, comPrlsmg a pharmaceutical or

petrochemical ﬁ?’@@é’g%sag il y.

engine to an oil reservoir.

scavenging sechtidn for pumping oil from tHe gas turbine

85. A gas turbine engine oil pump according to any of claims 63 to 64, wherein
the at least one feeding seclion and scavenging section are connected to and/or
driven by a comman shaft.

86. A gearbox lubrication system comprising at least one pump according to any
of claims 1 fo 57,

- 67. A gearbox lubrication system according to claim 66, comprising a wind turbine
+2e ..:' gearbox lubrication system.
[, 68. A gearbox lubrication system according to any of claims 66 to 87, wherein the

at ieast one pump comprises at least one feeding section for pumping oil from an oil
e as reservoir to the gearbox lubrication system.

T Tes £9, A gearbox lubrication system according fo any of claims 66 o 67, wherein the
at least one pump further comprises at least one scavenging section for pumping oil
from the gearbox lubtication system fo an oil reservorr,



73.A water pump apparatus comprising at least one pump according to any of claims 1 to 57. 74,A
water pump apparatus according to claim 73, comprising a fire engine or water tender water pump.
75. A fuel pump apparatus comprising at least one pump according to any of claims 1 to 54 46; A fuel
pump apparatus according to claim 75, comprising an_automotive vehicle. 77. The use of a pump
according to any of claims 1 to 57 in a wellbore accoré%wg to any of claims 59 to 61. Ma0.50
000110078.The use of a pump according to any of claims 1 to 57 in a gas turbine engine 'Soil pump
according to any of claims 62 to 65. 'a0 GOO 79.The use of a pump according to any of claims 1 to
57 in a gearbox fubricAtisArsys tebnicaticorsimteio aeyrdihg|@iemy 66 dieiTe 6680 SBhehsseofha pump
according to anst eastaimstdeting ibib RIS NAAHASHIIBY ARBFALIIR0ECLHNG t@iaay of claims 71
to 72. 81. The bgg g%%rg%gccording to any of claims 1 to 57 in a water pump apparatus according
to any of claims 73 to 74. LLP 53 62.The use of a pump according to any of claims 1 to 57 in a

fuel pump
71 A process manufacturing apparatus comprising at least one pump according
{o any of claims 1 to 57.
72. A process manufacturing apparatus according to ciaim 71, comprising a
pharmaceutical or petrochemical process assembly.
73. A water pump apparatus comprising at least one pump according to any of
claims 1 to 57,
74. A water pump apparatus according to claim 73, comprising & fire engine or
water tender water pump.
75, A fuel pump apparatus comprising at ieast one pump according to any of
claims 1 to 57.
76. A fuel pump apparaius according to claim 75, comprising an automotive
vehicle.
77. The use of a pump according to any of claims 1 o 57 in a wellbore according
to any of claims 59 to 61.

':'"f 78.  The use of a pump according to any of claims 1 to 57 in a gas turbine engine

oil pump according to any of claims 82 to 65.

78.  The use of a pump according to any of claims 1 to 57 in a gearbox lubrication
.o system according to any of ciaims 66 to 70.

80.  The use of a pump according to any of claims 1 to 57 in a process
manufacturing apparatus according o any of claims 71 to 72.

81.  The use of a pump according fo any of claims 1 to 57 in a water pump
apparatus according to any of claims 73 to 74.



apparatus according to ahy of claims 75 to 76.
MCSLLP
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82. The use of a pump according to any of claims 1 {0 57 in a fuel pump

apparatus according to any of claims 75 to 76.



