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WD 2004/ 020836 PCT/JP2003/ 010836 1 DESCRI PTI ON
CENTRI FUGAL | MPELLER AND PUMP APPARATUS Techni cal

woized«h26836he present invention relates to a ceRCTiIP2gab10836

inpeller and a punp apparatus, and nore particularly
to a centrifugal inpeller us§d in a centrifugal punp
such as a volute punp to preSsurize a fluid by
i mparting kinetic energy to the fluid due to a
centrifugal force, and apggopI2EmEeNatus having such a

10 centrif%%?l igpeller. Back%found Art In_a
centrifugal Nﬁ&QIQEAISﬁgWﬁLPﬁ Fﬁ&@.P?NPaﬁgpﬁgﬁTHﬁ
inlet wwdth Bl and an outlet width B2 of a blade 110,
an inlet 15 diameter Do and an outlet dianmeter D2 of
the centrifugal inpell &chadgadnFirle: angle /31 and

an out4el @#‘%é@né %%\Péngd.rbﬁ hl.ade 110, Qrgel‘g'@]_siﬂg%h S%peller

as to sati arequire ow rate and a requrr

pudpa headp &ppéheteonvand inomad wenticdlgaly itpe lemtrifugal
it desirable to chan the width of the blade 110
BPRGDAFF yLF PO 20% t FER T hi ERI9F dEHB1S LS (3o DUTddite Pump o
P atBuB2ze a1l d By aligeh Aesid *bhe tikocg8apge-d Re £luid due
angl e of the blade 110 gradually fromthe inlet angle

F8 & conithe fvgretf it e 3 22 Fyag. apRragagupBhavéng such a

Aeht di englh1phApe) eLpss-sectional views showing a
conventional centrifugal inpeller designed as stated

25 above. As shown in FIGS. 2A and 2B, the centrifuga
i nmpel ler has a pluralit f bl ad 110 di sposed
bet ween a shroud 120 an EEF¥REP §%r%only one bl ade is

shown Im &l &ntz2Araqdl 2BjpelTde M@eesin IHESy €1A and 1B, an
arranged at angularly equal intervals in

L0t ehnfes Rt PaEnCUPIREET ORE YA SRE BoREr Pripde 110, an inlet

hapabier pAdd Hhdpatdt d40nd sef o rd 39 c@)ﬁt@gjfﬁggmtimpeller,
two of the bl ades 110, the shroud 120, and the hub

330 @ ket &ndlf o f |aowk amhpotightt Aegifud patkhadglade 110
P SOEHLONY S EEILE Kb PREL S SUM LT zequizec
punpebtationaid the hwbved@iboaflocentrifugal impeller, it is
desirable to change the width of the blade 110 gradually from
the inlet width B; to the outlet width B;, and it is also desirable
to change the angle of the blade 110 gradually from the inlet
angle B3 to the outlet angle f..

FIGS. 2A and 2B aremeridional~plane cross-sectional views
showing a conventional centrifugal impeller designed as stated
above. As shown in FIGS. 2A and 2B, the centrifugal impeller
has a plurality of blades 110 disposed between a shroud 120 and
ahub 130 (only one blade is shown in FIGS. 2A and 2B). The blades
110 are arranged at angularlyequal intervals inacircumferential
direction of the centrifugal impeller. A fluidpath140 is formed
by adjacent two of the blades 110, the shroud 120, and the hub
130 so that a fluid flows through the fluid path 140. In the
conventional centrifugal impeller shown in FIG. 2A, the shroud

120 curves entirely so as to project toward the hub 130 to form
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WD 2004/ 020836 PCT/JP2003/010836 2 a curved |ine LI.

In the conventional centrifugal inpeller showmn in
woehw4/02836t he shroud 120 is inclined straight! pcraorans010836

the hub 130 to forma straight Iine L2. However, as

shown in FIGS. 2A and 2B, if the curved line 5 L1 or

the straight line L2 is forned at the shroud 120, a

nmeridional length of the fluid path 140 becones | ong

anahrarewi dihe of . thB1tmhakﬁw@nﬂﬂbmwﬂ&Eﬂ%&hfﬁ@ib@mpellershown

onal - pl ane cros t]on, econes snmalJl in th
TR A P o R P e T o S L o By e the
05)S amlgb PYAR Qeéﬂrai?ﬁt aisewl). specific speed (Ns)
10 Consequently, a relative velocu%£ of the fluid

f1 owi MECYRYDEGHRS tHoW dndFEEEh AM M ¢mes £l Bhgecuzved line
e L I s

DEESIR Lk EiARLLOSS, L cHORCEL ORI LS g nepaiona:

Desgtbsof etioé fhue@tp@hhThéOpbes@m&s|Immgnamﬂlimwtdxﬁﬂbf the

de i w of, .th bove . drawbacks. i.s therefore
gﬁog '%& §f e f%@eﬁ? FH@eﬁﬁr lQﬂ?%ﬂH%ﬂW%&%FOSS section
Beﬁbmeéugrailll tmetﬂa@rcaw 6h wanceadueeudRli SNy of a small
Loss in a fluid path to exhibit an excell ent

Bé?Wd%%F&neede%/@ﬁ%pwp tiadeeht ¢ i PusBRLl rARaqidiihagead (Ns) .
@8ﬁ5éq§@§€l§'Qa%ﬂﬁ%ﬁuw%nge&8019?9¥fqﬁf@f&ﬂga f?gﬁiﬁﬁlghrough

havi ng such  a centri fugal
Bledi elield e tdbdvd bbpemE§ h@c@edlaqﬂ1hmnmmeaa§péctloﬁ loss in

th ' trif
FhE PR ETEChast b Ts BRCFSRTE9  ofMbF adev=dn Sioss hpeller
perﬁeemaﬁ@e 25 |npeller inlet and an inpeller outlet;

a plurality of fluid paths for delivering a fluid from
the inpeller inlet to the inpeller outlet with the

rotation of the cemilddidgal-ol BRELheEntg§agh of the
fIU|leaths bei ng forned between adjacent two of the
St

bl adesthe é?vrcﬁ%@rs‘wl@af@né:ﬂ@nahhabbém rfagteriimg vilke bFutlte above
@g&@%cggg;ﬁ el piSeBelRe S PR ARLRE P88 S Mhentson
shnoud;idshiachehorimsuthe impeﬁl@ﬂhhnxﬁubﬁ@Sre&@céSaﬂ(lnternal
fégéeCt t(%¥ﬂ!%.%g hh%% gghgbiggégrgiéé{gé%§”§g¥}$;¥;§ce even
if the centrifugal impeller has a small specific speed, and to
provide a pump apparatus having such a centrifugal impeller.

In order to achieve the above object, according to one
aspect of the present invention, there is provided a centrifugal
impeller comprising: a plurality of blades disposed between an
impellerinletandanjﬂ@elleroutlet;ap&uralityoffluidpaths
for delivering a fluid from the impeller inlet to the impeller
outlet with the rotation of the centrifugal impeller, each of
the fluid paths being formed between adjacent two of the blades;
and a shroud and a hub for forming the fluid paths; wherein in
a meridional-plane cross-section of the centrifugal impeller,
a curved line of the shroud, which forms the fluid path, curves

so as to project toward the hub in a region from a blade inlet

to a predetermined position of the blade, and the curved line
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to a predeterm ned position of the blade, and the
curved |ine WO 2004/ 020836 PCT/JP2003/010836 3 curves

WOeao@n20836 pr oj ect toward the opposite side of PaEIP2003/010836

in aregion fromthe predeterm ned position of the

bl ade to a blade outlet. In 3 preferred aspect of the
present invention, the 5 predeterm ned position is

| ocated near a center of the blade in a neridiona

phavnes Acesr dongrodethet puasénthd mwpeosiide, scdeparechd diub in

the .conyentignal centrifugal, inpeller, the relatiye
s e P e AR R e PP Th GUgh hBLr i phpre blade
canide. reduced. Specifically, 10 in the conventional
centrifugal inpeller, a nmeridiaonal velocity of the,
fluid ¥ ofi MFadardisgh 2FRSFT uPd Jdth PR Sebist aRvRaLLgn, the

SPOSE B0 L Me@ $E&Y O Fom ié&@@%éfﬂaﬂcé&éml@ofﬂ'&ge blade

outlet. 'In contrast thereto, in the centrifuga
impelheridtenrlimpne. the present invention, the

fluid be wi.dened in reqi fromthe
bl ade Z?%%&%t %8 ptr eedegg?%elﬁgd?%gggttﬁgﬁ,’ ec?%n.lpaamd to the
posvénohonakatnttd foeptleimpél 1 e, hhadesl abtvlerted@ty of the

ridional vel ocit of the fluid flowi ng through the .
Pt 6L od Sh The i Bl 67 BT PyoR P QR @;  Rec Tically,

1Rt@INAbn 8881 bilal ke ddMisd pat bm?@l‘l@?, edyeedi on®delocity
hence the excellent inpelléer perfornmance can be

@bt Binell 207 keI g {Her @it rifaigaiidnettter shasiog tantially
cscg'i?é%:ar?ip.efﬂ fa' (ﬁegggﬁdfro}nntﬁ? %lgo% ri%q_egseg%hgfbdfﬁ? outlet.
n, s at a side o

present inventi ream Tines Torme
Thecdnibr aaid Ehesiade ofint hbesheotdifogaeshomell 1¢ 0 @acdrding to

t her when viewed.in axi.al, direction of the . .
AP ThAEREl, b iR e B efonS selded i peregion
Pr &8 eRt H1RvRNH I8 t 8t o rhfsresb st Bgent . §Wa fsition
the bl ades is gradually increased from the bl ade .
reRetthe IS @@ett@en%llréﬁlepoglﬂi benet a peemidignalamglocity

bF hgsae g e aogie e ed penid 00 B0t R oveacay.
Presehere nvde ilotedredadsesainegioflntier path can be reduced,
and hence the excellent impeller performance can be obtained
even if the centrifugal impeller has a small specific speed.

In a preferred aspect of the present invention, stream
lines formed at a side of the hub and a side of the shroud correspond
to each other when viewed in an axial direction of the centrifugal
impeller.

In a preferred aspect of the present invention, a distance
between adjacent two of the blades is gradually increased from
the blade inlet to the predetermined position of the blade, and
is decreased from the predetermined position of the blade toward
the blade outlet.

According to the present invention, because a region where
a fluid velocity is reduced can be extended to the downstream
side of the fluid path compared to the conventional centrifugal

impeller, a friction between the fluid and the fluid path can
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a fluid velocity is reduced can be extended to the
downstream side of the fluid path conpared to the

woaomuanbdsenal centrifugal inpeller, a fricti oRCIDGPWORHN 0836

the fluid and the fluid path can WD 2004/ 020836

PCT/ JP2003/ 010836 4 be reducgd. Further, because
non-uniformty of velocity distribution at the bl ade

outl et can be inproved, a shearing force produced in

bbe fdduicktan murtedicedbeandsemoe-adidesnialy t b6 velocity

ownstream regjon of the fluj ath can be reduced. ,
TS RERIb, Fb PREyP be ePEet Y R rd TG Hier & (Phearing
£6F 86 SptAuEOA- YN £RE NELYi@f can fddli b L) tahd heéhce a loss
di rection perpendicular to a flow ng direction of the

AEUERE JReEStdiang reJaRBt BrthesféBl dapatheasy #serpduced. The
LovenRt | r [ rovi-de i ak_j [

ONOAL PRk 15 or | BRI R ML R | e oo
apnrwpefbenitnlet aaftuam viedpeliiterinut Heétechl phyrertpdandicular

f fluid paths.for, deliverjin fluid fromthe
Phpal FepRRl g bRt ERe SRS Bt & With the
rot at i Bcofdiheg toemstiiagabpe tOPE d1RS preasht @hvieheion, there

fluid paths being forned hetween adjacent two of the

bF alofelV1ided & Cs@ﬂq@{iof%?dl aTRGH L8 CPBPRILAGNERea P ER1ItY Of
PaBEL RS ' ' ' ' i .

FReR DR b el AR DS R AP g1 cuta
eplarplddatef flnad ragdsi fondedbivehenplaaie;idfidoinghe impeller

e I, t i ne i.ti.on o he .
BiS6E e P HLEa b o E e BRE by PR spaGiongrt rugat
ihpepleserdadinwenthentliitk pallsiseted armmedbposethtjacent

f th | a is located near a center ~ of the blade jn ,
BRet QL egeaiea T & BAULAPACE duPR o of OFRELY Ehe Fluid
PEERENt wha¥EhI QN1 SEALAE béthesn faiiBebt BiSide Afe plades
the hub and a side of the shroud correspond to each

bsheradpnehlyi énedeapedniagiat Wladetimkebfte e predetermined
SPRLELCASAE o B S £ESOLIDL L0 AMGLIRL S80S rminec
pppatadnsofotpei biade tbeaceénirbhiagal outhpeller; a
CaSingléo% q38§'§ é eaESQé{iE%gﬁﬁuinggéégﬁé %%%ention, the
predetermined position of the blade is located near a center
of the blade in a meridional plane.

In a preferred aspect of the present invention, stream
lines formed at a side of the hub and a side of the shroud correspond
to each other when viewed in an axial direction of the centrifugal
impeller.

According to another aspect of the present invention, there
is provided a pump apparatus comprising: the centrifugal
impeller; a casing for housing the centrifugal impeller; and
a rotatable main shaft to which the centrifugal impeller is

attached.

Brief Description of Drawings

FIG. 1A is a cross-sectional view showing a general



10

15

20

25

30

a rotatable main shaft to which the centrifugal
inpeller is 30 attached. Brief Description of

wonewingsse Fl G 1A is a cross-sectional view shegrapas/010836
general WD 2004/020836 PCT/JP2003/010836 5

centrifugal inpeller; FIG 1B is a neridional-plane
cross-sectional view show ng the general centrifugal
inmpeller; FIG 2A isa neridional-plane cross-sectional
cén@Wighewing mgeid eggnventi onal centrifugal inpeller

whose shroud curves,sop as. t roj ect toward a.hub; howin
FI G f@q-sl%lmmarb%?nﬁamﬁa@? §§§-S§ééﬁvé%ﬁ8Pa&iVe“ﬁW showing

oW A %\@rﬂﬂ.]wl ; triekygal inpeller whose
t}%r?lfg%rs I ncl'i ned _stré??%tly toward a hub; 10 FIG 3 |
is a FEG.d2bAsIa peaheliens SP%%?iCé@éIS‘\?ie%@H@\}vi‘ﬁgew ghowing

agf%%gmg;‘eefn%gﬁé'ngm%hlt%&fagg@zr%ﬁqgligr%égétsmﬂﬂi%s so as

esent i nvention; is a cross-sectional
td ew ofedthecmentd id ugal; i npel ler shown in FIG 3; 15

FIG 5A is_a.graph ¢ aring.a_rel ative vel.ocity o -
f1uid¥ ?ﬁégsc%ﬁ‘lerrilgggﬁﬁhi— gPFecixofcscosre&%r%é) % théew Snowing
DrEesMn et i @httorddmat iefpdine I amesit istitalud is inclined

centrifugal inpeller; FIG 5B is a graph conparing
Shealaatiery stowardfa ttied: centrifugal inpeller according

to th esenf | - iew showin
conve ﬁr; llo%'n §I f%: éa1 n@%??%%}gﬁ?a% ﬁ%ﬁeﬁi r%;r O%%G%fe Ctbt%%tn ﬁrl oYJJE;eﬁ 6E 7
areent evin o vingge ldbeanpices rafindespgastipgt t¢yepodiment of the
centrifugal inpeller according to the present

PRvErR Y o ,ve%{"%DBA showi ng the centrifugal inpeller

havi ngra; spaci § beospeedct bbnd201iekldE tEBcehowifigghhdmpeller

- centrifugal ingeller having a specific 25 speed of
Y0 A5, FEE: showi ng the centrifugal inpeller having

a specpitC s5peed ?Eagﬂ%on@a@in@[}am\ﬁﬂgfet f8locity of a fluid
centrifugal 1npellfer” having a specific speed of 240,

afd:IR GerdE ishgsilngmprhrélesme¢PEdfdly to the present invention
to that of the conventional centrifugal impeller;

FIG. 5B is a graph comparing characteristics of the
centrifugal impeller according to the present invention to those
of the conventional centrifugal impeller;

FIGS. 6A through 6E are views showing examples of designs
of the centrifugal impeller according to the present invention,
FIG. 6A showing the centrifugal impeller having a specific speed
of 120, FIG. 6B showing the centrifugal impeller havinga specific
speed of 140, FIG. 6C showing the centrifugal impeller having
a specific speed of 200, FIG. 6D showing the centrifugal impeller
having a specific speed of 240, and FIG. 6E showing the centrifugal
impeller having a specific speed of 280; and

FIG. 7isavertical cross-sectional viewshowingan example
of a pump apparatus having the centrifugal impeller according

to the present invention.
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i mpel I er having a specific speed of 280; and FIG 7 is
a vertical cross-sectional view show ng an exanple 30

woho@/pessp apparatus having the centrifugal i nmperir1003/010836

according to the present invention. WO 2004/ 020836
PCT/ JP2003/ 010836 6 Best Modg for Carrying Qut the

I nvention A centrifugal inpeller according to an
enbodi mrent of the present invention will be described
bel ow wi t hBeeteMedeefoy €asryimgvwwwgsthél Gavéntsoa

Cont 11 PGSR CEARGPT b ecar AGCPBCATH: Faie SRR of the

of-rethatpiresentionwearitl ba. dddGikked Hed ool 958k SECAd¥Ae to the
vi ew,of the cengrlfu al i eller shown in FIG 3. As

SREWATPR - FI 655~ 33ahd 8, MSrLEHPPR+ UghPnF npepFersectional view

8OBRLNGES can il Uradd M_n@felll|e§d§§c§r&19ﬁ‘gyt@%j 2¢e8t dMOodiment
of the blades 3 are 10 shown in FIG 24), a shroud

efi phe regrnt WieSiothe Blade$ B & erdisspesedional view of
: KO ub_5 ong an axi a

g?%:%?ﬁgkggyﬁgﬁeE%@%&???uégﬁwﬁngglFgé'agd al so

di spos2d dietween FEG6 § Apald &5 d oéetrifpgsl timpred cat c@nprises

central ,sjde of the centrifugal ., inpeller and an

AL ToFE blic P B GE 1 1 Ged a8 ACERT Cf & loricablages 3 are

shdenointheccent s id ugalodameliber 4, Theq bl afdes 3 atBe blades 3

arranged at _ angularly equal intervals in a .
erpcdhferenti aptdrercthiomhgruchd agdntre flugnlS pApabl er axial

' . ] j Ui
gg?ﬁgﬁ%ﬁﬂdoP;%th‘%a{:gﬁyrf@ﬁ%%i Yrga%d]@ruéﬁh'ag]yso 8&8%0%'88 between

. are fornmed betwe t acent ades
ehampee fllay tni st deldsigriethadaubagrerttm If $ ide ofiathescéhtrifugal

fr he 20.immeller inlet othe.inpeller outlet_ 2
WRBRLLRE 281 ARG e e Bt ig Habet Pertodftedrential
Speeidf aald yenspacegasulfpemuoed. byrhet Beaadsareite arranged at
bl ades 3, the shroud 4, and the hub 5 constitute the

FREPAApal IRIE FESFEtivety @ ORFGUBABTBRTEAE FiufqFion of the

BahBsifRghs difafih SRt eRd M hr A SHONN 1. F -
4, thé‘cgntﬁi ugal- 2% inpeFIer of fﬁ?élenbodiﬁgnt1§§lurallty
eénptisdsrathfoPdprrensponal bepett¢rrthahadtactniedmades 3 so

(g ayecs! e 0Ly e B0 1,000, 2,0k By g LOARPP Hhon wne
ginpetieoninlet 1 to the impeller outlet 2 with the rotation of
the centrifugal impeller. Specifically, spaces surrounded by
the adjacent blades 3, the shroud 4, and the hub 5 constitute
the fluid paths P, respectively. Only one of the fluid paths
P is shown in FIGS. 3 and 4. As shown in FIG. 4, the centrifugal
impeller of this embodiment comprises a two-dimensional impeller
whose stream lines at a side of the hub 5 and a side of the shroud
4 correspond to each other when viewed in the axial direction
of the centrifugal impeller. Specifically, the respective
blades 3 extend from the hub 5 to the shroud 4 in a direction
perpendicular to a surface of the hub 5.

In the meridional-plane cross-section of the centrifugal

impeller shown in FIG. 3, a curved line ILs; of the shroud 4, which

forms the fluid path P, curves so as to project toward the hub
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of the centrifugal inpeller. Specifically, the
respective blades 3 extend fromthe hub 5 to the

wehomndosdei n a direction 30 perpendicul ar to acsurioase 0836

of the hub 5. In the neridional-plane cross-section of

the centrifugal inpeller ShOﬁn in FIG 3, a curved

line L3 of the shroud 4, whic fornms the fluid path

P, curves so as to project toward the hub WO
2064£026836nPEH/a) RROOI10D0836endth M faomegi Bhadd imlet A to
meridional |length M froma _blade.inlet Ato a .
DEOFLFONTC B TRE ity Sor i o lotage 8 piefldional plane

eydadiron@de plarderel naf hefes ef@efi€slr tgo@Stion C) so that
near-center position C) so that the fluidpath P is
utheddpesi R he vprgaeditmogtthe pbadnénpesA tehhenegr-center

it oneC. | I r
B UANC PGSR ki dlAgRUST SR 35 o ovsca
tegpposfita sede difohht HEm§tin aMRefiomathe meardiceanledength

nfgo%ir&n.o nE tg%f‘—cg'e{i‘ge; %cgsljioei%&]o% ?:ggh]hgﬁb%%cgee L

i'S"W dene
trtear scentiepapbsitt i 0 @ asdedabtowed shiafp! Joumst Feam of the
vicinity of 10 the blade outlet B. Wth this o
I‘sﬁlar%‘c‘%%ﬁ/fee,r AT 1M Cf 11 G N IS SRATHE Ywi Belg) vijginity of
fhee yedonf¥om tdhe bl ade inlet A to the near-center
position C, a neridional velocity of the fluid

f | owi M tthitdaghs trectuis d sipgehtiee Fdmilepatduk edn be widened

; I I, el qci 15 of the fluid,, .

l%%ﬂée}‘l??%?g E&:ﬁ%@c@%% l}{lg \uecé Octcgﬁﬁar}eeadr—t%elﬁ]eer position

Convearidhahatemt Yoditgalo fi thel flarid Fuokiel, tsroeghthe: fluid
owed in the vicinity of .the bl ade

fluid th P _ .
R &} %‘?ﬂ %|%§791un$ r g5 tlve AN fedicSciRar§éd tivgnmvelocity

dheneert i Gugal chdpahiier phsh s eiced rafdcB8NeSuBared to the
desired flow rate can be obtained. FIG 20 5Ais a

PR SRt | R ERef e latinre M oo Fypréherhe sihgedtoe fluid
At I § npe r..-accor.di t

eIl Aol T g 00T 09 L ISR 8RR = 2 100

Hatpeldferthearfd uBGAiS5Bhasged fraphtloonparimougal impeller is

R AL AE ARV BT BRETD TIRICESE FRB BbrUorTorad  FTG-
25 icent iraggalomprel her thé Nr &L 85 vOAreIwL D8, $OIdHE f1uid of
gﬂé“ginE%%E%%%ﬁFimpeller according to the present invention to
that of the conventional centrifugal impeller, and FIG. 5B is
a graph comparing characteristics of the centrifugal impeller
according to the present invention to those of the conventional
centrifugal impeller. In FIGS. 5A and 5B, solid lines represent
the present invention, and broken lines represent the
conventional.

As shown in FIG. 57, according to the centrifugal impeller
of the present invention, the relative velocity of the fluid
can be reduced in a region from the blade inlet A to the blade
outlet B, compared to the conventional centrifugal impeller.

Therefore, since an internal loss in the fluid path P can be

reduced, an excellent impeller performance can be obtained even
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the present invention, and broken Iines represent the
conventional. As shown in FIG 5A, according to the

woeonisoésszgal i npeller of the present inventi oRCTUP®03/010836

relative velocity of the fluid 30 can be reduced in a

region fromthe blade inlet Agto the bl ade outlet B,

conpared to the conventional centrifugal inpeller.

Therefore, since an internal loss in the fluid path P

témﬂbeiﬂm&ddcedbaanaexmellemgedﬂﬁmﬂIs@eeﬂerfmuntnee,caﬂ1shown
ed _even WD, 2004/ 020836 PCT/JP2Q03/ 010836 , 8 :

P R e Hrt (ERtE CONGPL et 1 & 26 P PRk hdmvention,

StSnSQO‘i\ne ral&tGre S¥eloditPeocermd ifugal dtmeld ¢iafe outlet
t he present invention, since the relative velocity of

BhEoppun@tatChang vl GeePERY ef© BhgosONTsR tdwage centrifugal
aied, tﬁuw@ coRyeMdiQ eé:efmg'cg’ﬂ'%ﬁ% e ddPHdEe a shart

er head al so does not c ange, ence a shaft
B@V@f 1s mot mnﬁr%%%ﬁha@NUaappmppeéficzeenyyusgjmmeased as

h F I head j.,s defi
%128{,1%3%62%16 ?caﬁs g%eeg%légg}?%/g% lbS dl?%&%'rd agqﬁaﬁkf%%reﬁjncadl head
gireenrbogsEsketi snauat vn shown |n FIG 4, a distance

10 bet ywee the adj acent. bl ades |s set such that a

di st ance GA° AI°STHE BT r’ﬂl@tw Ahp¥ns i) YEF - tharp glistance
g sla8g e At de theakgegnt ef g sfé‘%sbhbﬁnt&igaéld]is%%)nce a; at

and a distance a3 at the bl ade outlet Bis
ek late dnsehdcés eﬁ@a(ld:ektb@)l a diptehae ableg thstresoe-center

h I LS_grad II Lhcreased .
PELYELR, ¢ NG adl aAcenky Bl a8 Lo OLRdNRL i) LOCTERSES: 5 15
pozlienmhGn ﬁmtldustdﬂceeased <faom tbehanedie aéBtehce between

the_ bl let B Si t he
BR ekt RY % ok o egt VA P A af ef b hade inlet

Attdverd ners neant-eenpesi pboNt LoRl® laaes @efLILO8d from the
where the fluid veI00|t¥ i s reduced can be extended
¢

PSR- AoWhSE reard Stee of Cowrrd| thel gt elonpar &dnce the
a:pswﬁcgoageﬁleﬂ@ bfgayag@ae@' al 1Ral Lel o Thereld ' at the

the centrifugal inpeller of the present invention
regucecnt el peditipoCiaore betgeen deg ofl wheak catide ttheid veloc:Lty

I£“£%i198édﬁ”rtl npg}gteedn eodtthoe CO&oVwennsttlroena%ll sC:LeetrolffL’f: e fluid
path P compared to the conventional centrifugal impeller.
Therefore, the centrifugal impeller of the present invention
can reduce a fluid friction between the fluid and the fluid path
P compared to the conventional centrifugal impeller. Further,
since the distance asz 1s smaller than the distance az,
non-uniformity of velocity distribution at the blade outlet B
can be improved. Accordingly, a shearing force produced in the
fluid can be reduced, and hence a loss at the downstream region
of the fluid path P can be reduced. »

The shape of the centrifugal impeller of the present
invention can be reproduced using a three-dimensional inverse
design method. The three-dimensional inverse design method is
a design technique in which a blade loading distribution is

specified and a blade geometry which will realize the specified



10

15

20

25

30

since the distance a3 is smaller than the di stance a2,
25 non-uniformty of velocity distribution at the

wohem®2a361 et B can be inproved. Accordi ngly, Par/Jp2003/010836

shearing force produced in the fluid can be reduced,

and hence a | oss at the downstyeamregion of the

fluid path P can be reduced. The shape of the

centrifugal inpeller of the present 30 invention can
béadeprazdlicerdiust ngoat 1 dw e e-dh tneensirertaby nnwenrs@ calculation.

sign t.-hod. The.three-dinensional .inyverse desi.gn ,
R REd A e G P e Y b ERe BB REBOR g oy ibed
dhstetbuli on tise mPAGWRA 1ard rathiradezgagaBreny Mhi chogl, wa
wll realize the specified WO 2004/ 020836 . .
PeTPIP2603/ 6 T556 ~ Do mngaen P RA YIS EROBEET BAdilgl and Mixed
HeLRMH AR R 1HUTRI i 5§l £ Uk ALT on.y J%Oéé’l ﬁétﬁ&‘gs in Fluids,
t hree- di nensi onal “i nver se deS|gnne€ho i's described
Valdeildi| pbn BRE-FBEI oW HeS | | 62riattmegh Zehgenehyidws showing

" ib h - D i | i Met hod,
e R e S R B
the. grebdbneritaredMetdrodsiian Bhewdsg MoHifildatPPns of the

599-624. FI GS. 6A through 6E are views show n

ERATPLERIBE HERFHHET IR TR S@@ﬁtjfﬁlpuéﬁﬁeﬂn%%‘ﬂg?ses gradually

aeeRr et @9 drotoliits PEeSentTd NANshoRs Ak SRAM-AG,gal impeller
nmodi fications of the centrifugal inpeller whose
BpEEngi e speedliaciresstoiglddualFllE. 16Bf shovF| e 6feriorifugal

LG S the, c y fugal ;| er
FaCRASEr Dolirde SRS (SR P D ERERET fg shows the
centrifugal imppeléerhbavhggaasspeciic csppeddf2dd0,FIG. 6D
FIG 6C sho t.h entri al._ inpeller having a
Shp rrod B oo thbpat B bR RS oty Spagd) of 240,
bnpekrer BaVsRgwa 5@@Cééﬁ@r§ﬁ@§ﬂlOimﬁgﬁheﬂfhéﬁﬁh |G specific

6E shows the centrifugal inpeller having a specitic
speed 8f 288: In the centrifugal inpeller, there are a

frictiop Lgss - ] i L cty e e e,
fluid and gn F%ﬁgff&l%ﬁ? Jécieﬁ%%ﬁ%%’e #k?%f% Jpa ha,p J%Er}dctalon loss
digi hg 4 cdsliduértiotibe pehweenforeifdlyizDaatl sel Dohéy surface

ShoLiL L0 o ST Bl e, Lt e SRECL A coriey
b6 tvékocity distribution. In general, the lower the specific
speed 1s, the higher the friction loss is. According to the
present invention, since the relative velocity of the fluid
flowing through the fluid path can be small, the friction loss
can be reduced. Therefore, the centrifugal impeller according
to the present invention is effective in an impeller having a
small specific speed, and it is possible to construct a pump
apparatus having an excellent pump performance by using the
centrifugal impeller of the present invention attached to a
rotatable main shaft. .

FIG. 7isavertical cross-sectional viewshowing an example
of a pump apparatus having the centrifugal impeller according
to the present invention. The pump apparatus shown in FIG. 7

is only an example of an application of the present invention,
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present invention, since the relative velocity of the
flurd flow ng through the fluid path can be small

woheao4forosssi on | oss can be reduced. Ther ef or e, PCIEP2003/010836

centrifugal inpeller according 25 to the present

invention is effective in an.qmpeller having a small

specific speed, and it is possible to construct a punp

appar atus havi ng an excel |l ent punp performance by

arsd Nighd heentoeinfudd ugatpe Infpeet |eff e tdue semdsemvention can be

I nvention ay@gched tq@g rot at abl e m%égshaft.. 30

FPRE 1610 2YbrtRSF G R HHIGhat™ i 'ew showi ng an

exanpl #he ghma agiﬁma&maél%dﬁﬁ ihavi g7 ichepeertsi £ mgabr section

i npel | er accordin to the present _invention. The pqu

BP peretngs ashoer iLY  FREUIP sestdnmyl adTe¥ahpletht captrifugal
' 110N r ' L QR 189044 Q2838 0rated.

P P00y 8 ToRse e o T R et T chal I moel Lo &

Aheajn estent t | Iy enttieordlsc firdye thgppbted sechient Ypelo gfhe pump

unp. a at use The pu ar at 4 sk
B8Tp: PRetb a et Bposectont ol RaPiets 3 phvs Ty b @ Lover
BHA SAGIIOB £ khd favhigtta dthes certirilf ugab striapetd en driving
14 according to the present invention is incorpor%hed. .
on 12 1s

BoraPNJSREFELEE &%t ditfs BTG the fbt 6PesBELPSn SEF
EEQPBH' te8C64 119k %@nét%g%‘g'a@ egptiifvgal Jempakl gimd4section

i
Is fixed to a | ower portion of the main shaft 18.
Wt hhtdegh strausedineshatiri¥i fgiefedrk @ ogenépdt Bae iyen el fugal
ot f r ti 1S rapsmtted to
e A A A
t hr ougitht haunmmise cshaht 1 d & omphrerselsya raatsdtmiong4 theering a suction

centrifugal inpeller 14 together with.the main _shaft .
BSLtTRE S e CUREhaR Ofe b hars e AP Ae D AT ageging 25
suekieanin RAd cd9iagd . ditsthaege rpelha22im@dll & 14 is housed
i nternmedi ate casing 25 15 housed in the casing 24.

ThetbenipieugRdiahpelasima 45 snhouckd iStatgethat an impeller
LGSR PGSSLIG 2R S RSN Sk Boygupry. e
dawewaredliyteThesingt @bnmbdsate cmrshhgg2bohbsomanbpeatng lower
%%&ih%gr% %r%%f?ﬁégrﬁﬁépﬁgéb;gg Eggggggrfg% gﬂéofﬁggrmediate
casing 25 to communicate with an interior of the casing 24. The
suction port 20 is located at one side portion of the casing
24 and communicates with the interior of the casing 24, and the
discharge port 22 is located at the opposite side portion of
the casing 24 and communicates with the interior of the
intermediate casing 25. A casing cover 26 is provided between
the intermediate casing 25 and the motor section 12 to cover
an opening of the intermediate casing 25. A mechanical seal 28
is disposed at a central portion of the casing cover 26 for thereby
preventingapressurized fluidinthepumpsectionl6 fromentering
the motor section 12.

In the pump apparatus having such a structure, the driving
force of the motor 10 is transmitted to the centrifugal impeller

14 fixed to the lower end portion of the main shaft 18, and kinetic
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20 casing 25 to conmmunicate with an interior of the
casing 24. The suction port 20 is |located at one side
woaoda4ioees3ef the casing 24 and communi cates W POTAP®03/010836
interior of the casing 24, and the discharge port 22
is located at the opp03|te shde portion of the casing
24 and communi cates with the interior of the 25
i ntermedi ate casing 25. A casing cover 26 is provided
hrirmpen s iR artieer Itbdlt&Ee fdasidndl2§uadd thethet opsing 24 by
sectlon 12 to _cover . of e inter
|ﬁﬂ§@?§°nA°§eEﬁﬁn?E% rﬁgﬁgaQSUnqefﬁ'%ﬁ%%edgggkg%%re’ when
GEN Rk RN Bbe i hercasiing r@@ﬁtédﬂﬁyfeﬁfeﬁd’n@rﬁ@ the motor
preventing a pressurized fluid in the @ 2? 16t
¥q ohbatEriingis Soiakesl FHPBIIEeREF bR POTT Qﬁ& Buﬁ:be Interior
Vv h; t diHad R sdhereed from
%?q?hecﬁ%ﬁ% ?ggl§H§r5%5§$%%§%y{%é%ﬁgﬁientr|fugal TR
thgpedierhadde fpoed 2. the | ower end portion of the

mai n shaft 1 and kin t|c WD 2004/ 8 ‘bed with
PCT/ J O%%%S@ rePE ene+ ?e?%lg%pggg 3)to (RESFFLPEY W
fdForbile | Bot Be At mh thythd heo £ Ot Ia&mpnmofiltfhleatlons and
centrifugal inpeller 14. Therefore, when

Tent atm@%\mawrﬁfémﬁé? ifgthe PF@F&P&&%‘?W};W%FH@W feparting
ggéﬁf¥he10 1he fLuhdsisosuskeehd roraddie: suckdoni qor t

e interior 5°of the casing 24, and is
pr essuks zih amicbachepadicsc hacgsdingoh Ehe RE SRy gavention,
ort 22. VWjle the present
B0R FRL P CY B ey sOURPL L AT AR e retative
panyciegdbiteat fonsd ahewinagthadiighsheeil thel preidecan betreduced.
present invention mntho%t de artln O fr ﬁgthe be reduced,
Ebﬁreﬁoaﬁd e p& tEF e 10EEstht i RatRgCan
Qﬁacr{él%%daﬁ@éﬁellaéi@@&ﬂbaglbﬁ ﬁeﬁﬂfcﬁ*n%ﬁrﬁig chAV@NbbeRined even
conpared to the conventional centrifugal inpeller, the
iél aheveenvelibogey shpehéef| DRy | THf %%?%hﬁﬁctﬁ%ee
fluidpath can be reduced. Therefore, the interna
loss in the fluid path can be reduced, 15 and hence an
excel | ent inpelIerIpduébrnahckppan@bibbtmined even

;Leége Cgﬂ%&&%g | yéﬁﬁ%%éﬁﬁ.ras gpgfa bi@e%'fhf centrifugal
impeller and a pump apparatus, and more particularly to a
centrifugal impeller used in a centrifugal pump such as a volute
pump to pressurize a fluid by imparting kinetic energy to the
fluid due to a centrifugal force, and a pump apparatus having

such a centrifugal impeller.
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The present invention is applicable to a centrifuga
20 inpeller and a punp apparatus, and nore

woaodasiocedsarly to a centrifugal inpeller used PATAP2003/010836

centrifugal punp such as a volute punp to pressurize
a fluid by inparting kineticqgnergy to the fluid due
to a centrifugal force, and a punp apparatus having
such a centrifugal inpeller. WO 2004/ 020836

PCT/ JP2003/ 010836 12 CLAI NB.AIMS A centri fugal

i mpel l er conprising: a plurality of blades disposed
between an inpeller inlet 5 and an inpeller outlet; a

pl uralityn oferfd ti ghpat hemfer edeldomgrdingiray | ui d from
said inmpeller inlet to said jnpeller Eutlet wWih the

r ot at i dPlusRlddivd ofeht pie s gH SHARFE PELVCERC AR of R r inlet
%+&ianﬂgﬁiﬁg%&nguﬁjg{ped bet ween adj acent two of said
a

ades; shroud and a hub for formng said_
fluid paphsralisheref nflwid pathyibraldyligrring a fluid from

cross-sectjon of. said centri i (g ;
FRAG GROSH G SHotn, uiieh FBPRRLEaDaCt Ph TR o obetion
SHI Y883 SO @Sri PuPsDj apel DBy deseh bhumid &luidgiarhs being
froma blade inlet to a Eredeternined g sitioqdof sai d
forppddectHAEN AR UAEERTeHPi b SUFVERIRD°RE F6% pr oj ect

towar d, t bero0pPesit s sheersf Sakmiybsdnd arTend ofatom
said predeterm ned position of said blade to a bl ade

out | etwherepncdnt r #f wgidimpall-od aaec P BRIy T¥C k&l P said
1 erein ' re : siti s
L8, edplfPediSEE 1o el i hic com

gerbdronal phane. cBrvds centad fuggirdjepdl kewaadcordinyub in a
to

claim1 or 2 er ej streamlines formed at. a :
sPasont Tsarn Habrdha B e 0 G PSRFELEE L eRAoHa e L chon of said
eeLuesSPoRd §9i gacir-widarnehedrveewed d# N paxijalct toward the
direction of said centrifugal inmpeller. 4.

A .
opposiitegal denpél $etd deddridl iy regiany TERB BR1El BFFEStrmined
&?;%ggg%‘é@e%%' 1.3 dikshance pet weanadi;a¢ent two of said

2. A centrifugal impeller according to claim 1, wherein
saidpredetermined position of saidblade is locatednear acenter

of said blade in a meridional plane.

3. A centrifugal impeller according toclaiml or 2, wherein
stream lines formed at a side of said hub and a side of said
shroud correspond to each other when viewed in an axial direction

of saild centrifugal impeller.

4. A centrifugal impeller according to any one of claims
1 to 3, wherein a distance between adjacent two of said blades
is gradually increased fromsaidblade inlet tosaidpredetermined
position of said blade, and is decreased from said predetermined

position of said blade toward said blade outlet.
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sai d predeterm ned position of said blade, and is

wdeer@aesd from sai d predeterm ned position oPCTA@PT03/010836

bl ade toward said bl ade outlet. W 2004/ 020836

PCT/ JP2003/ 010836 13 5. A cenfrifugal inpeller
conprising: a plurality of blades di sposed between an
inmpeller inlet and an inpeller outlet; a plurality of
fluid 3Jatzh5cérotrr1iehg?aﬂerim;gelalefﬂ Laqmpfnic&rﬁmq') sai d

|n'peIIer|nI Iero vvlth :

rot at idRL Lﬁ?a %a}ﬂf?ﬁi%g%sg’oﬁa‘pe Weggcﬁﬁojfmpellder inlet
iﬂl&'anﬁﬁ@@lp@fn@uti@tned bet ween adJ acent two of said

bl ades; and a shroud and a hub for formng said fl

pat hs;a mheralhty of stankd Btk adiaceR™ b aoffliuld from
§+ ﬁg&f%rjl 18 ¢adualy Y F@QﬁgﬁsggtiéQHWPtﬁhﬁﬁ?rotatlon

0 a predeterm ned position of said blade, and
33 sieendecaele‘drif@gakalrdpqalb@e,t eemmetdf Ep@sitﬁldmcbfpﬁﬁisd being

Iadeto ade out ntrifugal i npeller
g‘BEIB?ile Hﬁ W%e]a’l ﬁgﬁ?%en§h£V%l é:kfida%?%de%%érim ned
posi ti gnsptosai enbl adeubd Sfd)DCﬂbﬁdlm@afﬁa:ﬁi centied pafhs;
said blade in a neridional plane. 7. A centrifu

al
pel [EReBeLDr i 1 T APITEaR BOIARERG FHosPT s plades
%% gﬁ? ﬁQ ahcRcakde efomah dohuide angh & st dles Afr&ddbrmined

correspond to each other when viewed in an
msatldnrceﬁtsa@nl b bidsaipddcehtectegakd Fpen seid Bregetermined

aratus. .S cen é g el ler
§8gEFaBﬁ 0°&Hh onedéfggwagﬁsglﬁié 8t§ﬁ5igg casi ng
for hou5| ng said centrifugal inpell er and a rotatable
i n shaf whi ch [ rif [
g?tacﬁég ; égntrlguggf'fkﬁxﬁgef Sg% dlngekgeglaam.B wherein
said predetermined position of saidblade is locatednear a center

of said blade in a meridional plane.

7. Acentrifugal impeller according toclaimb5 or 6, wherein
stream lines formed at a side of said hub and a side of said
shroud correspond to each other when viewed in an axial direction

of said centrifugal impeller.

8. A pump apparatus comprising:

a centrifugal impeller according to any one of claims 1
to 7;

a casing for housing said centrifugal impeller; and

a rotatable main shaft to which said centrifugal impeller

is attached.



