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ROTODYNAM C FLUI D MACHI ME The present invention
relates to rotodynanaic fluid nmachines and in

w@arobiozisb@r to hi gh power nultistage unns havi PQI/AP2005/054139

plurality of inpeller stages. These are often used,

for exanple, as high pressure punps, particularly in

the oil industry . Miltistage rotodynamc fluid

machi nes can of fer an increased output pressure over a

single stage unit. However the provision of additiona

i npel | er stages necessarll |ncreases the overall size

of the unit. Al so, XRIHSRE Pl Ng | S

requi red between tne driving shaft extendlng froma

notor and the driven shaft connected to one or nore
inpaI%ﬁesuag&&ﬁuandﬁﬂﬁntﬁmMSvtﬂat@e over alrbtbengbhic fluid
of the machine. Furthernore couplings are a source of .
\W%ﬁ%ﬂ%%ﬁaﬁnﬁrdﬁ}eﬁBthCFéﬁﬁtﬁﬁb % t SO¥Rd cHh tistage units

S50y QG2 B ERT.S COASLOIIILSY, e ggren vasa

amnsl- regiths Be ) UDE | Bagh Opré Bs@f depukPs PNSHFEi€OIELTY in the oil
operation. The use of oil to lubricate rotating parts
causestwy decrease mefficiency and the oil may |eak

contam nating other parts . Traditional high power

mul ti stage machi nes require high capacity thrust

bear i ngs ang:- bad ancd P sesc t Fitake wR dhedesulbhanbrfer an
axial load created by the driving force of the

increased output pressure over a single stage unit. However

the provision of additional impeller stages necessarily

increases the overall size of the unit.

Also, in known machines a coupling is required between the
driving shaft extending from a motor and the driven shaft
connected to one or more impeller stages, and this adds to the
overall length of the machine. Furthermore couplings are a
source of vibrational problems in rotating shafts and can

greatly complicate a machine’s rotor dynamics.

Traditional mechanical bearings become worn with use and
require lubrication in order to ensure correct operation. The
use of o0il to lubricate rotating parts causes a decrease 1in

efficiency and the oil may leak contaminating other parts.

Traditional high power multistage machines regquire high
capacity thrust bearings and balancing discs to take up the
resultant axial load created by the driving force of the

impeller stages acting on the fluid. Seals are also required
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i mpel l er stages acting on the fluid. Seals are al so
requi redJoetween the shafts and the housing to isolate

W0 b@otontser . Such parts al so require |ubricati OPCEHEB2005/054139

cause further losses in efficiency. According to one
aspect of the present invention there is provided a

rotogynaraic flhds neehi-ng eenRLhLsi g AsIPLoL ard apged such

for directly driving a shaft, a pressurised notor

housi ngahawvi ngeend aval bisridaough whibchradwe shafther losses in
passes via dry seals to enclose the notor, nmeans for
d%fﬁ%%%%?ﬁ@'the pressure within the notor housing

different fromthe pressure outside the notor housing,

a first inpeller directly connected to one end of the

mot or Attvenishafd orar anged b@ ab¥eppeosesSidtdithion there is
froman inlet to an outlet in a first direction

refativedt o t He tstafmarbd s flaisecopdhinpel terpdisees| @ motor

f%?ﬁ%@égg %%rtQ9’QQB§§it&rf@?n%ig%%ﬁm%ﬂ?ft%og%ggggggaed motoxr

procéss Tl ui 3?r0n1a_s I"ni et _ _
o b eind maan eppesi el directdom tditdhe thiel sha g re£4d0N via dry
relative to the shaft axis such that suction is
cteat ed-atebotdserids obtohe mhaht, fandnal provelssy find ¢pressure

it ' the first tl to the second .
" EELD PEGT oPahPY PRES pPES 07 6SHFEAm IEAE FBEoP TRGGSAgOuEs de

| sndidd@sento o ddhe priessur e 9fe 1hhe priocess f lWhddRed to one
particul ar of the input process fluid, before it is

peres suf | sed rort punped aup she i, s charge epr essuee Phecess fluid
pressure in the notor housing is preferably maintained A
h?fﬁp qq(%qﬁq§hép Fﬁaﬁu?h%tpybééggrst direction relative to the

shaft axis, a second impeller directly connected to the
opposite end of the shaft, arranged to move process fluid from
a second inlet to a second outlet in an opposite direction to
the first direction relative to the shaft axis such that
suction 1s created at both ends of the shaft, and a process

fluid conduit connecting the first outlet to the second inlet.

Preferably the pressure within the motor housing is
different to the pressure of the process fluid in particular
of the input process fluid, before it is pressurised or pumped
up to discharge pressure. The pressure in the motor housing
is preferably maintained high, i.e higher than the process
fluid or other adjacent fluids so as to ensure no leakage of

fluids into the motor, for example if a seal fails.

Another aspect of the invention provides a pump comprising

a rotodynamic fluid machine of the first aspect.
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fluid or other adjacent fluids so as to ensure no
| eakage of fiuids into the notor, for exanple if a

W@ e@lb/02®60 S. Anot her aspect of the invention pPOVERHSS/e54139

punp conprising a rotodynam c fluid machi ne of the

first aspect.Preferably each of the first and second

i mpel | ¥ srar g,y rapged 450 @Mﬁpfikgkdd%§“§§gé%&t9%§£g§ers are
the nmotor and the machine conprises a cl osed | oop
pressugegedogasingi rcukad i gansysi ém mofvkuidd the motor and the
conmuni cation with a rotor part of the notor. The

(Bt Oyt 8P 4F S mic i e Srayt CONpP T 885 & hejfhefRe circulation

b j ' 4 : f.t. m or si.ng.. !

Aeror g D b broT ST aa B At = FRa inbreT §F the motor.

integral with a rotor part of the notor.

Advant ageously the first inpeller conprises a

pl ural T4y 6PLPAPERIGF st Bheh ke SeromPrimpeald ep magnetic
| Ses rality of_.inpeller stages, and the

1(3? é?% ! %‘% d @%Eg%% ‘d‘qjil #rp%rf? er lréanjl")rrtayl ‘vac hmc%%On:“b e 49"

di ffuser unit. The dianeter of the shaft may be |arger

mthe region of the notor and snaller in the region of

t he orRegeitingéd er preTheretarodds mpnef, echbl yhant is integral

eleg%ric not or . rq%q%xnanic fluid machi ne according

t'0" the” presehtPihvent i o i Barticul arly advant ageous

because nmounting inpellers directly onto the notor

shaft elimnates the need for a coupling between a

not or Adadttandoanl y nped | eirshafitpeThas thepshatt a plurality

Iepgth and the total Ien%;h of the machi ne can be
O impeller stages an the second impeller comprises a

plurality of impeller stages, and the first and second

impellers may each comprise a diffuser unit.

The diameter of the shaft may be larger in the region of

the motor and smaller in the region of the or each impeller.

The motor 1s preferably an electric motor.

A rotodynamic fluid machine according to the present
invention is particularly advantageous because mounting
impellers directly onto the motor shaft eliminates the need for
a coupling between a motor shaft and an impeller shaft. Thus
the shaft length and the total length of the machine can be
reduced. Axial thrust is also decreased and so thrust bearings
can be reduced in size due to the back to back arrangement of

the first and second impellers.

The number of radial bearings may also be reduced since
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reduced. Axial thrust is also decreased and so thrust
bearings can be reduced m size due to the back to back

waeooageseent of the first and second inpel | er SPCITRR2005/054139

nunber of radial bearings may al so be reduced
si ncebear xngs need not be provided on either side of a

couphi g (hea oRe frr each; i the @EQQ@randén%%lQrcoupling
shafts) . Wthout a coupling, there is no need for
atvancethd n=d1 elaghalifgnimenthoproceddr espanicet hehafatsgr. Without

dynam cs of the machine are sinplified with vibration_
I%v%?%p}é%%ceﬁheﬁﬁrfﬁePﬁnP@e?héoﬁsédBﬁnﬁﬁgaﬁérﬁ@eéﬁséélqnment

Sed@lgfequitede Ingouse of. HRINCLIC ReARL 008, AN M p1 i £ e
gas seal s advant ageously ows for a rotodynamc

nacth nes M cthi cdoed avetl sr egednectine useuofhdthsicating use of
oil or hydraulic fluid. Thus the parasitic power

| o5 FHUsEEFE By bi I"Shewddhd-dr ag are avoi ded.

Furthernore the problemof oil |eakage is elimnated

and the overall machine is sinplified. Mintenance is

reducethas wekl as theqnurber ofeauxidd arah@YSEEPS. gas  seals
The notor housing is sealed to enclose the notor to
need i avehies IDN ffléoeist fpressupesdangnt higachine which does not

advant ageousl rovides _a clean and dry_air internal .
TGRS 14PCLRE. MEEBT S Roby nat] BAORPER Eheluid. Thus
back- ¢ orback; ar pangenentsel thiscinyentd ve MBehingny drag are
particul arly when conbi ned with magnetic beari ngs,

tdw sl proovi des tthherpessicbil prybdémactryi L oiddhaeg is eliminated
TE%Q'{E; overall machine 1s simplified. Maintenance is reduced

as well as the number of auxiliary systems.

The motor hcusing 1is sealed to enclose the motor to
maintain the different pressures and this advantageously
provides a clean and dry air internal environment for the
motor. In combination with the back-to-back arrangement of
this inventive machine, particularly when combined with
magnetic bearings, this provides the possibility of a dry, oil-

free machine.

The back-to-back arrangement ensures that the axial forces
are controlled without using large balance pistons which have

hitherto been required in known motors.

In known open motors, the process fluid is in and around
the electric motor and this creates problems with motor

contamination and bearing lubrication.
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The back-to-oack arrangenent ensures that the axia
forces are controlled w thout using | arge bal ance

wr@bozsemhi ch have hitherto been required m kpOwEP2005/054139

notors. I n known open notors, the process fluid is m
and around the electric notor and this creates

probl ens- Wi tihe 01y CRUAENALION ARG DRALINAG t invention, and
| ubrication. For a better understandi ng of the present

i hw erftdvomovandet eashonahove tdrer Siame imay béfeatrfiedference will
into effect, reference will now be nmade, by way of } ‘
St o, 1 Y S e FgiPeer | FGuitien s¢nigle Tigure 1, which
fﬁ@f§5§@£§éggﬁt9£iénfQkogy@éﬂbayﬁbﬁkg BRCALNE . chine according
according the present invention: The figure shows a
roteodynasect f luvehtaehi ne 10 with an electric notor 12
enclosed in a pressurised housing 14 with end walls 16

and 18. The arrangenent can be nmounted vertically or

hor | | L 20 i i . t.h_t he.rot -
o omal SR G e i I o e

tdrough d hetend 1vakhs1d6ed 18 aThecdisareten Rushad t120ith end
decreases towards its free ends . A first set of _
ivpeld ers P2 i1 nOlnet éd remIsHeEnéng aof bshabun2@donegnécally or

s%g%agg éQ ) ot or 12 and a second set of inpellers 24
s ount ed oh' t he opposite end of shaft 20 on the

other side of the notor 12. The shaft 20 and the

inpellers 22, 24 are rotatable about a common axis 26.
A shaft 20 is integrated with the rotor of the motor 12

and extends from each end of the motor through the end walls
16, 18. The diameter of shaft 20 decreases towards its free

ends.

A first set of impellers 22 is mounted on one end of shaft
20 on one side of the motor 12 and a second set of impellers
24 is mounted on the opposite end of shaft 20 on the other side
of the motor 12. The shaft 20 and the impellers 22, 24 are

rotatable about a common axis 26.

The impellers 22, 24 are arranged in a back-to-back
configuration such that the first impeller set 22 is oriented
180° compared to the second impeller set 24, and so that the
first and second impellers move fluid in diametrically opposed
directions relative to the axis 26 of the shaft 20. The
direction of fluid flow as referred to here is the global
overall flow: naturally the local direction of flow at the
outlet from the impeller blades will be radial or radial/axial

mixed flow compared to the shaft, but the overall flow from

-5.



The inpellers 22, 24 are arranged m a back-to- back
configuration such that the first inpeller set 22 is
worioceeiseo 180 conpared to the second inpell er BEL/ER20)5/054139
and so that the first and second inpellers nove fluid
in dianmetrically opposed directions relative to the
axise 126 ofi ntihe shaftp@lieThaididegtinonpef af1ad d fhQWinpe1iers
as referred to here |s the gl obal overall flow
nat urad | ¥4t he sbocalpdilsectdidi upfeof lowi tat. t HBhoufletd is moved
fromthe eller des will pe radial o ,
TR o BF P SGH +Fon CONBAFRAI Pt Re ohaf t 2%but ThhE Serves
QM§r@alJﬂégVEE@n1§P§£{e%dﬂﬂég EQ,'HB?”f%%é&&AéHLV machine,
Il be axial. The inpellers 22 and 24 al so conpr se

5 diéémmmla&aﬂ'htahftutdans pbveditowanaasetrhehmokar bearings

12 fromeach inpeller 22, 24. This serves to bal ance

tiHe Ri"Ee Y or €88 FiHEhe Fltiyindm @aﬁﬁchmﬁ%nﬁ%&?@aﬁ%gﬁ@m the
|
ol st o oo ol o AP B9800, e

fromdhenfagecends ofiet heushafiod andotBus ©REALRS through a
end suction which is advantageous. The fluid fl ows
iTEorahe Haeht necrdiibugh? alfbrthﬁr91FﬁPé%O@oﬁéuﬁFr3W4A towards

in the directi f.arno war d free end of
10 shaft %50 an(gl e%tne?s theaflrs%gseatnds eFIgcrnh 515?% set of

fidsd1iatet 2424l teiexitt sidhe fig st set fi tispeld ef5:-22 set of
at first outlet 52. A fluid conduit 28 provides a

fin <l lcormest iedn dbetween tilike Hilr.st Asétluefl icopehlier 88 provides
220 e oscond ol oL | mpelleus 20, Thio MUY o2z, and
andk comngct sdihe f iihSle1lers 24. This runs generally parallel
15 to the motor 12 as a crossover line and connects the first
outlet 52 to the inlet 44 of the second set of impellers 24 at
the other free end of the shaft 20, and exits the second set

of impellers 24 at second outlet 54.

20 A dry gas seal 30 of known construction is located on
shaft 20 at each side of the motor 12 to isolate the fluid from
the motor. The inner surfaces of each seal 30 are shaped to

maintain a gas seal with the outer surface of the rotating

shaft 20.
25
Magnetic bearings 32 are interposed on each side of the
motor 1Z between the respective end walls 16, 18 of the motor
housing and the shaft 20.
30 During operation, the electric motor 12 drives both sets

of impellers 22 and 24 directly via the shaft 20. Process
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outlet 52 to the inlet 44 of the second set of
i npexlers 24 at the other free end of rhe shaft 20,

w@raemxisbe t he secona set of inpellers 24 at SPCDEP2005/054139

outlet 54. A dry gas seal 30 of known construction is
| ocated on shaft 20 at each side of the notor 12 to

i solad eedthe f i dHe omdhe it ofr. sThewl ANeh SULHhaees inlet 34
of each seal 30 are shaped to maintain a gas seal wth
tdred ot epuspefacéond the Eotati ngnshaft 220byMagretiiicst set of

bearings 32 .are_jnterposed each side of the notor . ‘
1§T§%elejtg 22t‘h‘e é?p&@?‘ld\‘fétezg wal P32H%] 48 Pf-qhehe direction

ot ofnhopsihng and,t becghahl (20, Duf{Ag QpELatigng the . rio17y
electric notor 12 drives both sets of inpellers 2 and

2tHe diprectilbe diaredie cghafdt a2@owProeessftl eindeent ete kskcond set
the direction of arrow A through the inlet 34 and is

2Hohg® the 11lui e didiit 289 the F it datof0.

impel lers 22. The conduit 28 is shaped to alter the

direction of the fluid flow such that the fluid fl ows

I n submtantliwild yestihes epposktendi s€EtbOM e AUSOW A 855 second
it enters the second set of inpellers 24, at the other

fedel End ‘o rehe*shaf Fneoradhed [viiad aexPusleheceedord 36, which
se i.mpel | ers 4 via second outlet 54 and exits . .

t]hée %8 ?ﬁe VA atﬁh%%t fg %gﬁl Gi t5736° v\g?%hnﬁaé:%%lgpeb{) in the

suchedhain t be bhuiodh exi t sahhe1maehiznevi0 Jut ithe conduit 38 is
direction of arrow A . An alternative outlet conduit

3819wn shiowah whi chrisnbeileatedtsubseanyi akl yiahtrirghtes to the
MY £S5 LOLNS ¢ 36.

The work done on the fluid by the first set of impellers
22 causes a resultant tensile force in shaft 20 which acts in
the opposite direction to the tensile force caused by the
second impeller 24. Thus the overall resultant force within
the system during normal operation is effectively cancelled and

thus substantially reduced, ideally to zero.

The magnetic bearings 32 act as radial and thrust
bearings, by imparting a magnetic force on the shaft 20 and
maintaining an alr gap between the shaft 20 and the bearings
32. Sensor feedback systems of known construction (but not
shown) are used to maintain the gap spacing so that there is
no contact between the shaft 20 and the bearings 32. Hence
there is virtually no friction or wear between these parts and

the need for lubricating oil or any hydraulic fluid is avoided.

The motor stator 1is externally cooled by ligquid 40,
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outlet conduit 36. The work done on the fluid by the
first set of inpellers 22 causes a resultant tensile

wo 0006021500 shaft 20 which acts in the opposite PCT/EPI0DO54139

to the tensile force caused by the second inpeller 24.
Thus the overall resultant force within the system

o & s O iBbuaperiad i ds effect vel shcancsl led @ndiousing.
t hus substantially reduced, |deaIIy to zero. The

magneti c bearlngs 32 act as radial and thrust

beari arting a c force on the shaft =
20 anggﬁﬁrﬁ¥5i 505n9§i?qg§ 6@iﬁe§ﬁoﬁﬁ§ SHAP P g sed gas
the- beasdngs 3%ur5§339£ef§@g990Kﬁ§y§k§g§ Qb KNOWY ¢ 1ointained

construction (but not shown) are used to maintain the
gap spacissgrsogtrhatet helnen i shaio cfonhactubebuweeing henvironment.
shaft 20 and the bearings 32. Hence there is virtually

nﬂﬂf%.%%%hd%? Wedr S bt v\@%hlwe%dpaﬁ% and°fReYpemdc machine
nALHH.a%akl Eegg ﬂ%QH%“%E% L?bﬁo %$ o'fﬁﬁ%oo rem) ,
y by T'rquid

e notor sta s exte cool'ed
4&)],1%\3@08:&113 aboumdluhedmroen@{sat off, W& hpurle 8Bt afte further
housi ng. The notor rotor is cooled by a closed | oop
pfedsefised gas circulation. During operation, the
notor housing is aintained at a pressure greater than
that of the surrounding environnment. This provides

conpacth&€0alddg canduaffetacr alodynafd C ;RRChERe TN NEa1s  in
at high speeds (typically from4,000 up to 12,000 rpm
Callioves iche révér avbrf penstomst ofhet hetpunprovides for an oil-

er uce
ffgég]roto ynaﬁ%c unit and motor with no leakage of lubricating

0il or hydraulic fluid. This increases efficiency, typically
in the region of 2 to 3%, compared to a machine with lubricated
parts and normal bearings and seals. In some cases, process
lubricated bearings, which also exclude external lubrication

supply, can be applied.

The rotodynamic machine of the present invention may be
provided with more impellers positioned on each side of the

motor, for example two impellers may be provided on each side.

The present invention 1is applicable to rotodynamic
machines such as, for example, axial or centrifugal pumps,

particularly to high-power (>1 MW) pumps.
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The use of magnetic bearings and dry gas seals i n
conbi nation with overpressure of the notor provides

wo crocamsed | f ree rotodynami ¢ unit and notor w t PCTBP2005/054139

| eakage of lubricating oil or hydraulic fluia. This

i ncreases efficiency, typically mthe region of 2 to

3% conpared to a machine with |ubricated parts and

normal bearings and seals. In sonme cases, process

| ubri cated bearings, whici al so exclude externa

| ubrication supply, can be applied. The rotodynamc

machi ne of the present invention nay be provided with

nore inpellers positioned on each side of the notor,

for exanple two inpellers may be provided on each

side. The present invention is applicable to

r ot odynam ¢ nmachi nes such as, for exanple, axial or
ugal punps, particularly to high-power (>1 MN

punps. CLAIM5S 1 . A rotodynam ¢ fluxd machi ne conpp

sxng a notor arranged for dxrectly driving a shaft, a

pressuri set mitdodReusiing having eaehwed | sedpfoughg a motor
whi ch the shaft passes via dry seals to enclose the
ot o gereahsrf ol remitatvai i gl itchea présstir e ani b hédisthesed motor

tor. housing differe fromthe pressure outside the . )
TOT Hotermgs " Pl LT e el ahr oet FJe coRrar 1o via oy
ope, end ofs fhe -notae driven sbakt, c&F ranged it PVee pressure
process fluid froman inlet to an outlet in a first
di rtiecitn onhe ehatdwvehtosihe shaftraxi sframseendressure outside
inpeller directly connected to the ,
the motor housing, a first impeller directly connected to one
end of the motor driven shaft, arranged to move process fluid
from an inlet to an outlet in a first direction relative to the
shaft axis, a second impeller directly connected tc the
opposite end of the shaft, arranged to move process fluid from
a second inlet tc a second outlet, in an opposite direction to
the first direction relative to the shaft axis, such that

suction is created at both ends of the shaft, and a process

fluild conduit connecting the first outlet to the second inlet.

2. A rotodynamic fluid machine according to claim 1 in
which the pressure within the motor housing is also maintained

different from the pressure of the process fluid.

3. A rotodynamic fluid machine according to claim 1 or
claim 2 wherein the pressure within the motor housing 1is

maintained higher than the pressure outside the motor housing.

4. A rotodynamic fluid machine according to any one of
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opposite end of the shaft, arranged to nove process
fluid froma second inlet to a second outlet, m an

wWopwos2t5e0 di rection to tne first direction rel BET/ER2008054139

the shaft axis, such that suction is created at both

ends of the shaft, and a process fluid conduit

cmegkbegdyhg fdirsinouihete 1,0 the seend denliglen 2, . tAe motor
rot odynam c fluid nmachine according to claim21 m which

theu prres sivr enadinttr imetchér imteor  thewusithg ipsealssae of the process
qﬁhg%?ined different fromthe pressure of the process

ftuid -3 rotodynam c fluid nmachi ne according to

claiml1 or claim2 wherein the pressure within the

not or housing is maintained higher than the pressure

out si de. t her nottordshousiaing1lvd d mAdhathedygrawire ifhlguitd any one of
machi ne according to any one ofthe preceding clains

wWHet €1 TP I BT 9SUFS WKEHER 1t REenstor Skeusi Agei iry gas seals.
mai nt ai ned hi gher than the pressure of the process

fluid. 5. Arotodynamc fluid machine according to

any one. of A heopoagedinng ekahibeWaekeirdihhe 1y yaiseabse of the
are dry gas seals. 6 . A rotodynam c machi ne according

tior i cafimRevprectdi el b ewhérer naedcteoind Hepellers
first and second inpellers are arranged punp
ﬁ?g%é%ﬁfﬁﬁgfﬁd%ae 3$§I?§O%?ﬁﬁuii¥lﬁhgeﬁ853£?y7t?wagds the motor.
rot odynam ¢ machi ne according to any one of the

precedi ng clainms conprising a closed | oop pressurised

gas cifcul ati ontsgsram gxnmgktbidecomwemidéati are wintth @ane of the
rotor part of the notor., . ;
preceding claims comprising a closed loop pressurised gas
circulation system in fluid communication with a rotor part of

the motor.

8. A rotodynamic machine according to any one of the
preceding claims, further comprising a magnetic bearing

supporting the shaft in the motor housing.

9. A rotodynamic machine according to any one of the
preceding claims, wherein the shaft is integral with a rotor

part of the motor.

10. A rotodynamic machine according to any one of the
preceding claims, wherein the first impeller comprises a
plurality of impeller stages and the second impeller comprises

a plurality of impeller stages.

11. A rotodynamic machine according to any one of the

preceding claims wherein the first and second impellers each
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8 . A rotodynam c nmachi ne according to any one of tne
precedi ng clains, further conprising a nmagnetic

wheaesiongesupporting the shaft in the notor houBCTEP2095/054139

A rotodynam ¢ machi ne according to any one of the
precedi ng clainms, wherein the shaft is integral with a
ripas tz ofi Afhe gterit . 10. A rot odynam ¢ nmachi ne
according to any one of the preceding clains, wherein
the first inpeller conprises a pIuraIity of i mpel i er

st ages .and the segond i npel ler co rls %Iura

of inpéller” stAged "IN C AP Gt bdyna Cgrnﬁcﬁ & A tdhe of tne

aceQrding to anys one of 1 4 henprecedi ng- cb ai M WOEEENis larger
the first and second inpellers eachconprise a dxffuser

uni tthel2egiAnr otfodpamd tomaeid nenalkclcor dirng hteo ragy conef the or
of the %gedlng clains where n the dianeter of the
r mthe region of the notor and snaller
in the region of the or each inpeller. 13. A
rot odynam ¢ machi ne according to any one of tne
precedﬂhg d arosoahesei n hhehnptorcresrdnnegl ect rargy one of the
nntor .. A punmp conprising a rotodynam c machine

socstdi Jﬁgjét tfolaalﬁfgﬁ OFE BY Tt He riscedi ng cilaiShecoric motor.

14. A pump comprising a rotodynamic machine according to

any one of the preceding claims.
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