WD 2004/ 020836 PCT/ JP2003/ 010836 1 DESCRI PTI ON CENTRI FUGAL | MPELLER AND
PUWP APPARATUS Technical Field 5 The present invention relates to a
centrifugal inpeller and a punp apparatus, and nore particularly to a
centrifugal woi2pei20ex used in a centrifugal punp such as 2CraPea/0pIsap t o
pressurize a fluid by inparting kinetic energy to the fluid due to a
centrifugal force, and a punp apparatus having such a 10 centrifugal

i npel | er. Background Art In a centrifugal inpeller shown in FIGS. 1A and 1B,
an inlet wwdth Bl and an outlet wdth B2 of a blade 110, an inlet 15

di ameter Do and an outl et dianeter DDbERSCRIBTIOentrifugal inpeller, and an

inlet angle RL and an outl| et angle 82 of the blade 110 _are _designed so as
to satisfy a required quljr%%é%}hdn?ﬁ"% AP Ei AFEARATUS t he

conventional centrifugal inpeller, it is desirable to change the w dth of
the bl ade 110 gradually from 20 the inlet width Bl to the outlet w dth B2,
and it is also desirable to changdffedhnigml &Fisfld he bl ade 110 gradual |y
fromthe inlet angle 1 to, the outl et l.e 8.2. FLGS _2A and 2B

mer i di onal - pl ane cgE}?sgé%ﬁ?PBn ’i“’év)?%h%n %}%ﬁeﬁgtg goﬁg%ﬁf?SH%?gc]eWﬁf%al

i mpel | er desizgaed pampt apedra2bsabard. mAsespanpi Al & Gp. £ 34 atdh 281 fldel
centrifugal inpeller has a plurality of blades 110 di sposed between a shroud
120 and a hdBpredderonsgdopd Bl §88LT3 TH¥HAWNPIRP FFESh 23 andobEie PUme B9 ades

110 are arra .angul arl.y I S | LL r.ent i .
direct i on of FERSSGSAEA Pt SerrBr Tt A P h T ab0r o f ST neq Soceyee
adj acent twotef a heembtadisydllOfotde, shndud H2Bp apatrheubuhavi3® saadthad a
fluid flows throug:% th?L f.l ui S{ path 140. In the conventional centrifugal

i mpel | er L&howsRith1ENG2 12 AMPERd € Shr oud 120 curves entirely so as to project
toward the hub 130 to form WD 2004/ 020836 PCT/JP20031010836

Background Art

In a centrifugal impeller shown in FIGS. 1A and 1B, an

inlet width By and an outlet width B, of a blade 110, an inlet

15 diameter Do and an outlet diameter D; of the centrifugal impeller,
and an inlet angle B and an outlet angle f, of the blade 110

are designed so as to satisfy a required flow rate and a required
pump head. In the conventional centrifugal impeller, it is
desirable to change the width of the blade 110 gradually from

20 the inlet width By to the outlet width By, and it is also desirable
to change the angle of the blade 110 gradually from the inlet

( angle fB1 to the outlet angle f,.

FIGS. 2A and 2B aremeridional~-plane cross-sectional views

showing a conventional centrifugal impeller designed as stated

25 above. As shown in FIGS. 2A and 2B, the centrifugal impeller
has a plurality of blades 110 disposed between a shroud 120 and

a hub 130 (onlyone blade is shown in FIGS. 2A and 2B). The blades

110 are arrangedat angularlyequal intervals inacircumferential
directionof the centrifugal impeller. A fluidpathl140is formed

30 by adjacent two of the blades 110, the shroud 120, and the hub
130 so that a fluid flows through the fluid path 140. 1In the
conventional centrifugal impeller shown in FIG. 2A, the shroud

120 curves entirely so as to project toward the hub 130 to form



n a curved line L1. In the conventional centrifugal inpeller showmn in FIG
2B, the shroud 120 is inclined straightly toward the hub 130 to form a.
straight line L2. However, as shown in FIGS. 2A and 2B, if }he dline
5L, or thWOPH28%¥ |ine L2 is formed at the shroud 120,1)(:5%1"?/5{0%%’&

| ength of the fluid path 140 becones long and a wdth of the whole fluid
path 140 in the neridional -plane cross-section becones small in the case of
the centrifugal inpeller of a small flow rate and a high punp head, i.e. a
smal | specific speed (Ns) . 10 Consequently, a relative velocity of the
fluid flow rgcervedighnetthe fIuitdepany ety Becoftstrafgeal dmpeAdsaesown
friction |loss i t fluid 1 I Sl , ri Lapel | er
perfornanceinlﬁlgi's?:ﬁésbi?&ee Spggjﬁ\c}e?% Po%sTﬂgégrﬁéggn#?%%%ﬂﬁ?ly\gntﬁgasﬁge%%@nade
in view of i aBoveo drawbaclsralighitslihertore an object of the present

invention to provide a centrifugal, i | | er_whi ch,can uce an i.nfernal
loss in a fluid pélPWeWGrexﬁFb?li‘o‘gﬁﬁ Jékﬁﬁsen%Ap@Péo%lﬁaﬂé% eﬁuﬁﬁeidfijtrﬁ%

centrifugal 1 npelhesthas gatsield LoReGidrine SREethe SELID12D! WWhEL] @i HHAD
apparatus having such a centrifugal inpeller. 1n order to achieve the above

obj ect, accdratigidh tof dlhe ddpect potht hdOpbesenesi hvaat hod, at Hedehi et ptlowi ded
a centrifugal,_ .inmeller conprisging: | ur al i of , bl ades di sposed bet ween

an 25 irrpel"T}bc?l% nﬁelflinaagﬁ ?%Belqlne?trgeutm%ti;é‘gorbﬂur%fﬂ?/ GF PP UP e pat s for
delivering adddied Enamitie thepehselofi thetcdrxthmuddmpehbenlceust et smaih the

rotation of the centrifugal inpeller, each of the flui d_gaths bei ng fornmed
bet ween adj adert rake I eI B R4EP; Reathd 1a Ssh P lAn8PaChEbC SPeetot N hg t he

cont 1 faga S apaT a8 PSR o S S SR et PR o

pat h, curvesthsdladd paphoj é¢tbeawsrsd legehubnidnhanceq dirifatdmnalbkadeni nl et

to a predet erm ned POSLLLEN gh 40 0398 A i CHENES 1] g, V0,39PL 020836
performance.
15 Disclosure of Invention

The present invention has been made in view of the above
drawbacks. It is therefore an object of the present invention
to provide a centrifugal impeller which can reduce an internal
loss in a fluid path to exhibit an excellent performance even

20 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

25 impeller inlet and an impeller outlet; a plurality of fluid paths
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

30 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



3 curves so as to project toward the opposite side of the hub in a region
fromthe predeterm ned position of the blade to a blade outlet. In a
preferred aspect of the present invention, the 5 predeterm ned position is
| ocat ed neawoaoewnisss of the blade 1in a neridional planePCAURTINEDIG3G O t he
present invention, conpared to the conventional centrifugal inpeller, the
rel ative velocity of the fluid flow ng through the fluidpath can be
reduced. Specifically, 10 in the conventional centrifugal inpeller, a
meridional velocity of the fluid flowing through the fluid path is

subst anti al | yurcessd@ards ite @arrégictntbwean ttle lmlp@d@ijtr@l etideootthehdlade in

outlet. In contrast thereto, in the centrlfu r_according . to the
present i nvefti R AE M ﬁ?‘a pﬁa?tdiprt@gﬁllﬁgdv@%% :&:lcb gt?]g%gﬂ§ofa&i}rﬁdr‘?e
bl ade inlet pQribe, predeterm ned position, e.g. aposition near the center

of the bl ade, and hence a neridional velocity of the fluid flow ng through
the fluid path canlibear gifferrgkadbpect Thér éﬂl@r ePrQ‘ﬁ%nt nttaveatiposs tihe t he

fluid path can _he reduce n i r rfor e can
be obt ai ried Eﬁegvgﬁrmfn?ﬁ p%%ﬁﬁ?ﬁugglig&te%? Has aégsh‘raféa%ﬁe ogﬁ%l%l ¢ “Speed.
In a preferred aspeeidpbnbbepparsent invention, stream lines forned at a
side of the hub and a side of the shroud corre%pond to each other when

viewed in an axi al A@FPEEIR®N T8 tR PERERREuUJAIVENtARE!| eFOmRETEY Soprtdteer r ed
aspect of th@ Fﬁfé%nhmvc%ﬁﬂmugaalda %@M@r,t&tews@ﬂae%@c\ﬁﬁo Ly gt e

bl ades is gra ually 1 ncreased from bl ade inlet to the et'er m ned
posi tion of theiblfddeingnthriowghdelse davadphtbmarise pﬁédeeérmmmahm of

t he bl t t he bl ad tI t di toth ' t
pocause I 1 og PO SuHBRESP R RO YL BRI SPBROEED T RR™bEL BRP AR A ne

downstream sicdenef £t heqf Fubdipat bheouparee tH1dhe Kony e lsaitaétaﬁﬁﬂtarlﬁwgal
inmpeller, a friction between the fluid and the fluid path can
constant in a region from the blade inlet to the blade outlet.
In contrast thereto, in the centrifugal impeller according to
the present invention, the fluid path can be widened in a region

15 fromthebladeinlettothepredeterminedposition, e.g. aposition
near the center of the blade, and hence a meridional velocity
of the fluid flowing through the fluid path can be reduced greatly.
Therefore, the internal loss in the fluid path can be reduced,
and hence the excellent impeller performance can be obtained

20 even if the centrifugal impeller has a small specific speed.

In a preferred aspect of the present invention, stream
{ lines formedat a side of thehuband a side of the shroud correspond
to each other when viewed in an axial direction of the centrifugal

impeller.

25 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.

30 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



WD 2004/ 020836 PCT/JP2003/010836 4 be reduced. Further, because

non-uni formty of velocity distribution at the blade outlet can be .

i nproved, a shearing force produced in the fluid can be reduced, and hence
a |l oss atWPReW3¥ESst ream regi on of the fluid path can bBCTdBHE&M8Ihe 5
non-uniformty of velocity distribution herein refers to non-uniformty of
a fluid velocity in a direction perpendigular to a flowng direction of the
fluid. According to another aspect of the present invention, there is
provided a centrifugal inpeller conprising: a plurality of 10 bl ades

di sposed bebeeaitdrddpel [Fayrthgiret RQERFE | MPE vy foamidtyy: afplNglagily of

fluid paths_.fo | i | L4 r t i S t.o 1. Il er
out] et wi t ROt REFPEe RSBty B Bhie [ARERY e M Bl of R

pat hs bei ngrbeeeesr betineeniadiacefituid vermwfbd heedle@ses;amhhenshroubsnd a
hub for formng the fluid 15 paths; wherei.n a di stance between adjacent two

of the bl ade$ the dPARIANR FRE:ERsH Hiom 161 BEER 5ATe St 5°A FFEdet BT ned
posi tion of jthe,hl ademiapd i deabeasgd diom iiher Dsedelsiinneds rppsi tion of
the blade toward a blade outlet. In a preferred aspect of the present

i nvention, the-uRbfpreadyarfrianbbuidFietliosa tofin medbradbips Heypaedl (ilar a
center of the_blade.i . Ldion n a preferred aspect of the
present inv ﬁt?oﬁ?og%F aﬁ%g?%%gégfg%ne é"?la l%i@ide of the hub and a side of

the shroud correspesdrding eacineiher avbent vifeshpsdpt s ant axivahtdiohe il of
the centrifugal 25 inpeller. According to another aspect of_ the present

i nvention, LRePBOVidedrd\Gedddridfyiadp 1BPFaraLuSORBRpEiBEAg2 RHerakkEY i9lugal
i mpel lers a ' f j ent r+if j |4 er; bl e
ran sht PO o o ey P b A ek LEREl B nBR of SR
Descri pti onagfluadvitngst ELGLdbAths forxdessverthyenzluid Enos e ingpedl pemer al

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

15 paths; wherein a distance between adjacent two of the blades
is gradually increased from a blade inlet to a predetermined
position of the blade, and is decreased from the predetermined
position of the blade toward a blade outlet.

In a preferred aspect of the present invention, the

20 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 thehub and a side of the shroud correspond
to each other when viewed in an axial direction of the centrifugal

25 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

30 attached.

Brief Description of Drawings

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



WD 2004/ 020836 PCTIJP20031010836 5 centrifugal inpeller; FIG 1B is a
-meri di onal - pl ane cross-sectional view showing the general centrifugal
inpeller; FIG 2A is a neridional-plane cross-sectional viewshowing 5 a
convent i onawocwnt/ogsdgal i npel |l er whose shroud curves so agT/PreiBlHRisseEt
toward a hub; FIG 2B is a neridional-plane cross-sectional view showing a
conventional centrifugal inpeller whose s%;]roud is inclined straightly
toward a hub; 10 FIG 3 is a neridional -pfane cross-sectional view show ng
a centrifugal inpeller according to a first enbodi ment of the present

invention; FRldatdA duyaa G -1s8ct i onal view of the centrifugal inpeller
shown in FIG 3; 15 FIG 5A is a graph conparing a relative velocity of a
fluid of the centfliF.ulal siaperidiocneéoPdrRe APIheostdsEal Y@ ARPHANGt o

t hat of the gonventional T d al, i Ild.er; FIG 5B is a graph conparing
characteri sttlchces %ne!tlha(rai Ccee;{{}ﬁllff‘{%% llld ell%er accor di ng to the present
invention to those1@02nfistdheeccddientileopibneentad fisgalt liomzdl v eew sEb@ESng6A

t hrough 6E are vi ews ;show n xanpl es of designs. of the centrifugal

i mpel I er 5acc%rcdﬁW§ntt&OF’r‘?\éf &%Bgéﬁﬂgﬁjeﬁ?‘PSﬁe FY’E?S%A?%%;@JBL SO as
centrifugal jsmeldpichavdrf spagdfic speed of 120, FIG 6B showi ng the
centrifugal i1npeller having a specific 25 speed of 140, FIG 6C show ng the

centrifugal inpel IRIG.haBiisge mgrépgéontilcpspaed- s PoECRIcBal6Dl ek eWongnohe
centrifugal inpeller . havin specific._s d of .240, and FlI G_ 6E show,ng
Lhe cent i UbaToPY TG T HaRl ot 2 e cr i 6 SHech o5 520 nd SFTAC IO a
vertical crossrsesitonatowdeyv showng an exanple 30 of a punp apparatus

having the centritugal inpeller according to the present invention.
10 FIG. 3 is ameridional-plane cross—-sectional view showing

( a centrifugal impeller according to a first embodiment of the
present invention;

FIG. 4isacross-sectional viewof thecentrifugal impeller
‘shown in FIG. 3;

15 FIG. 5A is a graph comparing a relative velocity of a fluid
of the centrifugal impeller according to the present invention
to that of the conventional centrifugal impeller;

FIG. 5B 1is a graph comparing characteristics of the
centrifugal impeller according to the present invention to those

20 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
0f 120, FIG. 6B showing the centrifugal impeller having a specific

25 speed of 140, FIG. 6C showing the centrifugal impeller having
a specific speed of 200, FIG. 6D showing the centrifugal impeller
having a specific speedof 240, and FIG. 6E showing the centrifugal
impeller having a specific speed of 280; and

FIG. 7isavertical cross-sectional viewshowing anexample

30 of a pump apparatus having the centrifugal impeller according

to the present invention.
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I nvention A centrifugal inpeller according to an enbodi nent of the present
invention will be described belowwith reference to the draw ngjs. FIG 3 is
a meri di orD-2p044138836r 0ss- sectional view 5 showing a cent PCTHRRODWEM | er -
according to a first enbodinent of the present invention. FIG 4 is a
cross-sectional view of the centrifugal d npeller shown in FIG 3. As shown
in FIGS. 3 and 4, a centrifugal inpeller conprises a plurality of blades 3
(only adjacent two of the blades 3 are 10 shown in FIG 4), a shroud (tip)
4, and a hub 5. The bBs&#d&sMgdg £oFi SPEEEYBePHEHPENENYRRELER4 and the hub 5

al ong an axial _ daf eehi0n sabat Nemgentdd bugal-aiRetbers Al Rliseadl sposed

between an inpeller inlet positioned at a central side of the centrifugal

i npel | er angrasenpéhirentoan|wetlD beode2¢iderr delovwivi thrfefesrdricd tostsede of

th trifugal .i | The. bl ad d at | |
nterval o | B ARt St PaiSar Sertonofe PREIRECRBhee CORFLRRRH P Bng
ext end ogit wam@dhi ngPhar @éhyri Apbal alngen 1eof atbuoirdipat bs P raretf onpedihehneen

the adjacent blades 3 so that a fluid_is delivered through the fluid paths
P fromthe 20 thpgePrefensl 8VantEoR he Flffpef | £F d YRS BogtiineheViera®fon of

the centrif | | Spegi fii I pace ur mounded by the adjacent
bl ades 3, t#gl%sﬁre%?lﬁgfnldat eelhl%%j gﬁggﬁs?:ﬁt a’f-%: tBHe fluid paths P,
respectively. Onl nsosieowh inhBIES uiddaphths cnteishgab impdIES c8mpnisds As

shown in FIG 4, the centrjfugal 25 inpeller of this epbodi nent, conprises a
t wo- di nensi GnBI-UrRpditre Pt %6@%%%@&%4 Pﬂé@cﬁPtat‘gPo%f dtf%ec. aHg5 5 %he a
side of 1phe shyreudn @Iggrw?p@r@hf&l&a«thgot her awhen wiwvwed Thet BEaaxkal
direction of the centrifugal inpeller. Cgem fically, the respective bl ades

3 extend fr@net Réspoises betwRenshRerhPUh 4aasfr EBeilvib B@lpagpandazidbr to
a surface of

centri fugal dj’ltr%re)ceﬁq‘l%gl r 'i_gg h%%%?ﬁtgﬁéhgéf qg{péel?ﬂrl\?é;% aﬁﬁﬁ%fi@%%%b% %ee(afslﬁ%%%elﬁ
whi ch animpeller inlet 1 positionedat acentral side of the centrifugal
impeller and an impeller outlet 2 positionedat a circumferential
15 side of the centrifugal impeller. The blades 3 are arranged at
angularly equal intervals in a circumferential direction of the
centrifugal impeller and extend outwardly spirally. Aplurality
of fluid paths P are formed between the adjacent blades 3 so
that a fluid is delivered through the fluid paths P from the
20 impeller inlet 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
25 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
30 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 L; of the shroud 4, which

forms the fluid path P, curves so as to project toward the hub



forms the fluid path P, curves so as to project toward the hub WO

2004/ 020836 PCT/JP2003/010836 7 5 in a region of a neridional length M
froma blade inlet Ato a position C near the center of the blade 3 in a
meri di onal woanmm/2qd3erei nafter referred to as a near-cent BETIBHNI/NAIC) soO
that the fluid path Pis widened fromthe blade inlet Ato the near-center 5
position C. The curved line L3 also curves so as to project toward the
opposite side of the hub 5 in a region of a nmeridional length M fromthe
near-center position Cto a blade outlet B so that the fluid path Pis

wi dened at & rieghonegawnsdfeamenfidil@alneangtbntefrposatbbad€ ianlck nay tonwed

harply in the viginity of the bl ade gqutlet B._Wth this structyre,
Since & he fIUPGEBERCPE R E G GO Crrt Hhe TS Brt ol 1o BIe et A

to the near-QNtdinPOSEt i Qe Ged tARRE L 0Rar Ve Ok £ Yoo 1 t1gh fd)Uisd fhawi ng
through the fluid path P can be reduced greatly, and hence a relative

vel ocity 15 e fheldpgitd F hswiedenkedifd opditie PLlade 1bé eitddie tle seapaceadtes t he
conventi gnal_cent.rifugal i mpeller...Furt he since the fluid th, P is

ot owed®i n RFELVA G hcyTor ConeShiiad huiel o T8 sie0ar v s B el o

di schar ged ffigancphosdend siiugat thepeld erin s regdonest aansh heneean 1desithed
flowrate can be obtained. FIG 20 5A is a graph conparing the relative
vel ocity of MhérprutheoprearrecBeht ritiigaton %pélol erPaeddreft et B tve thadsent

i nvention t h conveat | eqtrif s A - Bis

a graph corrgjfalﬁ(l£ ngilé%gr ?(%t%élr ?@t?%shg?éﬂtlﬁg (%tgntar ﬁ%;%la rﬁ?ﬁ%‘gﬁ%%@&gc%?ﬁ% to
t he present newentémhet @adrosieornf ehe romemnd ehalrpdy centhé fuigalnitpelf er.

In FIGS, 5A ﬁd Sﬁ dsoI ig I%n S represent the present invention, and broken
lines rePresett hadScORVERti Bhal . As shown in FIG 5A, according to the

éen_t rifugal inpellgfth @hilhetphesens, isavert tp8,r1hfie) peLats vanves oGidenedf the
fluid 30 can be reduced in a region fromthe blade inlet Ato the bl ade

outl et B, colpdhedregioRefeomidrs Pbade 1edet Prigahe ppe¥tegenter position

C, a meridional velocity of the fluid flowing through the fluid

path P can be reduced greatly, and hence a relative velocity

15 of the fluid in the fluid path P can be reduced compared to the

conventional centrifugal impeller. Further, since the fluid

path P is narrowed in the vicinity of the blade outlet B, a flow

rate of the fluid discharged from the centrifugal impeller is

reduced, and hence a desired flow rate can be obtained. FIG.

20 5A is a graph comparing the relative velocity of the fluid of

the centrifugal impeller 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

25 centrifugal impeller. In FIGS. 5A and 5B, solid lines represent

the present invention, and Dbroken 1lines «represent the
conventional.

As shown in FIG. 53, according to the centrifugal impeller

of the present invention, the relative velocity of the fluid

30 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



Therefore, since an internal loss in the fluid path P can be reduced, an
excel l ent inpeller performance can be obtai ned even WO 2004/ 020836 .
PCT/ JP2003/ 010836 8 if the inpeller has a snmall specifi her, as
shown in YPEHPR8F 1 the centrifugal inpeller of the prggiﬁfﬁ’ﬂ?{gég 6|ton,
since the relative velocity of the.fluid at the blade outlet B does not
change conpared to the conventional centBifugal 5 inpeller, Euler head al so
does not change, and hence a shaft power is not increased and a punp

efficiency is jncreased, as_shown_ jn FIG. 5B, Euler head.js defined as a
t heor et cal lﬁe‘é}be ﬁ?ﬁe@%ﬁl %rslgajegusﬁﬁcol 9 r?pteﬁ‘gcrgg t-:é%{:t i%%aﬁ%c{ﬂrbw

shown in Fl & #iG.asd| shatice ceh® rhetivaeniridel ol aceiie plradest 3 riversetosuch
that a distance al at' the blade inlet Ais smaller than a di stance a2 at

the near-cefiBfe pB8i FRbATEVE aTeloadly spf ikt atadha Rinde el dut | et
B i N ' , - | - t
The ad acent Bty AR Eofha t82 £o00%he: AT cR B ALER, pfl oo

toward tshe nepeiltent eFupesihead L sandoes mietraesesk f raom thencaearshefit er
position C toward,the blade outl et Si nce tgfiﬁdi stance al at the bl ade

inlet A andPPHETdFSt3ALBETERSGHER T EaPUEBNE LEPTY oh® T EPF T Ye, 2%

regi on whergnbht {4 Urfs VEIRCi M1etbShéLMUCE GeTamee agXhenHesr 01 da dasd r eam
side of the fluid 20 path P conpared to the conventional centrifugal

i mpel l er. Theeaf bveEulhs’ sepgvatig@at inpeller of the present invention can

d fluid frigct] i .| uj h ; d
':ﬁeuggn\allent :Jlonal r%é%tﬁ?f%%ﬁ—?%péeﬁ%e%luEgre{%ﬁhgpfou%sﬁhggg%;ﬁgﬁ’dias&afﬁscg‘?rgéeei st °

smal | er1@ hapetheecdi shanck) axnt2bladesudiforsdt gueh vehocd tad sHasidd Butdton at
the bl ade outlet. B. ¢can be inproved. Accordi ggil:% a shearing force produced

in the flufBectfdeinrdghdeds HrdtRontBan 3 G3STARCE e HoRRStIRAMGVHITh  of
e I ohon? B4 E81cO 20UepndTiec1usanoelal 1 S8 bbb e 4 of
i nver se smaller than the distance a; (az<az), sothat the distance between
the adjacent blades 3 is gradually increased from the blade inlet
15 A toward the near-center position C, and is decreased from the
near-center position C toward the blade outlet B. Since the
distance a; at the blade inlet A and the distance a, at the
near-centerpositionCare large, aregionwhere the fluidvelocity
is reduced can be extended to a downstream side of the fluid
20 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 a3 is smaller than the distance ay,
25 non-uniformity of wvelocity 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
30 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



design nmethod. The three-di nensional inverse design nethod is a design
technique in which a blade |loading distribution is specified and a bl ade
geonetry which will realize the specified WO 2004/ 020836 PCT/ JP2003/ 010836
9 bl ade | oX? M§+82088¢ i bution is deternined by nuneral calRVH2PEGWI%Fheor yof
the three-di nensi onal inverse design nethod is described in detail in the
followng literature: Zangeneh, M, 1991, g"A Conpressible Three-D nensional
Design Method for Radial and M xed 5 Fl ow Tur bormachi nery Bl ades”, Int.

Nurmerical Methods in Fluids, Vol. 13, pp. 599-624. FIGS. 6A t rough 6E ére
vi ews showi gl adsdmpiddadotl Hesityts oy e ﬁ@t@éﬁmeﬂ@ﬁmﬁnﬁﬁéh@rl%@%ﬂmmg to

the present ahd, Jég% f il IIer
whose speci flh?:é(gy}zbg% ncrerzé;ég\;&lgrgggqg}l’lfall&?%} ron(i@% 6A kt?ﬁalﬁ—'llsg&?l‘:‘

shows the cemrdét@al impeld éollbavingglatspetufec Spegenad, 120, MG, 6B
shows t he centrlfu ell er.havin |f| 40, FIG. 6C
Shows the  CRHTPFFEBSPLF MBEFPEPLREVF AGnal pscinite Sfebtpiradbe! prdi ey
shows t he, ceﬁiéwfrba&@omarm%le@[y NN arspea. fN&ne%ﬁ%%‘i S+ 1248 1 AT andidl G
6E shows the centrifugal i | er haV|ng a specific speed of 280. In t'he

centrifugal Vepel L8r, Pphe§8 aﬁ%4a.fEﬁQﬁicﬁAIQQQPUQhuﬁﬂ(ﬁQQfWHﬁWﬁf&hQﬁMDQh
between the |y, lggdoﬁndégg §is SO Tace c&tf{%% rpoaj%l@r and. aﬁ‘{nrﬁh l OSS

due to the non-u ormt veIOC|ty di's ngenera

t he specifi Cthspepﬂeasémtt hmd‘urgﬁein t hed r stbiwangl omédislcaﬂcx:mﬂl ngif t G:Hehe
present invention, since the relative velocity of the fluid flow ng through
the fluid paFﬁnEEHfBga%nﬁW?el¥@ﬁaWﬂqqﬂnSBﬁCP§§§ SBRAA bERFRRRRS ITRTBT of e,

the centyq f us%ﬁlml leQr £ 8667 d6RY 394 O 6§\th8&§§:@1@ céﬁ"d@f‘%ﬁ@&% lgqf%ffe% i ve

(n an inpeller having a snmall specific speed, and if IS possi
construct a pampngappspeatifiharasy @f éXdel Féat pRNPh@es fdrarmers Myfugsing

the ~centrifugal,mpellgh of Jt NRRLGIeNsLFNSE 0N fL  BEREd6EO Aot lab! @
centrifugal impeller having a specific speed of 200, FIG. 6D
shows the centrifugal impeller having a specific speed of 240,
15 and FIG. 6E shows the centrifugal impeller having a specific
speed of 280.

In the centrifugal impeller, there are a friction loss
due to a fluid friction between the fluid and anJinner surface
of the fluid path, and a mixing loss due to the non-uniformity

20 of velocity distribution. In general, the lower the specific

speed is, the higher the friction loss is. According to the

( present invention, since the relative wvelocity of the fluid

flowing through the fluid path can be small, the friction loss

can be reduced. Therefore, the centrifugal impeller according

25 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.

30 FIG. 7isavertical cross-sectional viewshowinganexample

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,



3D FIG 7 is a vertical cross-sectional view show ng an exanple of a punp:
appar atus having the centrifugal inpeller according to the present

i nvention. apparatus shown in FIG 7 is only an exanple of an ,
appl i cat i OW%O{?%QB& esent invention, WD 2004/020836 PCT/P\FI;éB)g&’P@ﬂ?é(BG 10
and the centrifugal inpeller of the present invention can be applied to all

types of punp apparatuses. The punp appat@tus shown in FIG 7 conprises a
notor section 12 having a notor 10, a punp section 16 in which the

centri fugal {hpeller 14 according.to the pres invention. is

i ncor por at eﬁ?gA{:ﬁgi ﬁegﬁéf?uiéfek?%ﬁg%% r%fn Ylﬁ% %%‘Lt]oern%elc%\f%%tjﬁnt%ar% R punp
section 161a§E@ié89t§eallityﬁéb bEpplhpr apgatsthsaed to a lower end portion
of the main shaft 18. Wth this structure, _a driving  force generated by the
notor 10 of the nBROPUERAPRACAPLS §RPHtimahERi ﬂt%ﬂﬁ%%@rﬁeaér@%ﬂn Fefgfaton

i npel | er 14._qf tion QUG; o 5
rotating th%ac%%]‘%&ﬁfu%ggij%?nip% Iae‘%ﬁqf%r% oget %?%wftﬁrﬁl?gﬁ%ien@%%%ﬁ‘%l The
punp secii oampeliempl4 sexoxrdiasi hg 2k havsagta swottiiom ipartc@fp@rmted .

di scharge port 22, an i nternedi ate sing.25 15 hous in the casin
24. Thegceﬁtb’r f“P&ﬁa?h?ngf$ eqxﬁ@?@ ﬁb%&glei ﬁl%[tr? iSﬁFEFﬁBdﬁgt toc RF iy, ?n
such a statgelhabnanei el ke cEﬂtQif&gQi 1rise et niaf ugatitdmpeald griddef aces

downwardly. The internmedi ate casing 25 has an opening portion 25a at a
| ower port ieod pdretieef offothemagn g Bh 18nt 1 B thi st flervafereed dtevioy

casing 25 tq _caommuni cat i t.h I Lor.ef th asj e tion
port 20 is %8&5{39(?% er(‘)aﬁcee\gsibd%a%bér %g#lgfl?hgkcgggngdo%%rﬁﬁsf%g%%%a %s

Wi th theointersingmniefebheocasd ngerit4; i fangh 1t hepklldirstharfehgoptim@2séstiqcat ed
at the opposite side portion of the ﬁﬁSi ng 24 and communicates with the i
interior of {nENTO8IRNERE Meditat8adasiAg BT FOTRGLOGvERC 28R b A Hed

bet ween thtqﬁ'g%tﬁreareqiz;a,tt%g%%ie@gwaéhaeﬁet heiRokALreegsion 12 to cover an

openi ng of I nternedi ate casing 25. A nmechanical seal 28 is disposed at

a central portionTbE phmp cesitigrc o arorg ifsgs aegsing 24 having a suction
port 20 and a discharge port 22, and an intermediate casing 25
15 housed in the casing 24. The centrifugal impeller 14 is housed
in the intermediate casing 25 in such a state that an impeller
inlet 1 of the centrifugal impeller 14 faces downwardly. The
intermediate casing 25 has an opening portion 25a at a lower
portion thereof for allowing an interior of the intermediate
20 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
25 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
isdisposed at a central portion of the casing cover 26 for thereby
preventingapressurized fluidinthe pumpsectionl6 fromentering

30 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



preventing a pressurized fluid in the punp section 16 fromentering 30 the
motor section 12. In the punp apparatus having such a structure, the driving
force of the notor 10 is transnmitted to the centrifugal inpeller 14 fixed

to the | onery@rshssstd on of the main shaft 18, and kinetic &%};‘804/ 020836
PCT/ JP20031010836 11 energy is inparted to the fluid (quﬂ' ﬁmpwg6casing

24 by the rotation of the centrifugal irrfeller 14. Therefore, when the
centrifugal inpeller 14 is rotated by enefdizing the motor 10, the fluid is
sucked fromthe suction port 20 into the interior 5 of the casing 24, and is

pressurized en_dj dofr el t : ' 4

present i nve%ﬁ?ghphgg Jb%}g%‘@gggcﬂjbg]gévf?ﬁlgrzjf:{;?{a%@eplﬂg %I?ngecr%vgbﬂd‘#ﬁe“n?eoy

t her eof , manyheodbfatadm oms @l cargmigtigals impelbermade | Théhef preseriten
invention wthout departing, 10 fromthe spirit d scope.of the present

i nventi on. %h&eg%??%e%l%iﬁg\?é‘}p% di*ngSt Ot—t%%e%%é(fsgﬂ?gﬁﬁ%ﬂgi biS "YSpar ed
to the convenpi ondl regnlinid vgakeirRe ehe silk@ibaliveo Met®ehbyDitd e f | uid
flowi ng through the fluid path can be reduced. herefore, the internal |oss

in the flui dofathecadsed retucat 1B5 PaRs sidAcedannexteeh et s¢ipeye@rirom

perf or mance n Lne e if the centrifugal inpeller has a small
specific spe%%.e %ﬁﬁggé???ago ¥p?|2(':abi lity The present invention is

applicable to a cemhiiéugale R2Desepel iaveandoa P BEPar alessrided nRrth
particularly to a centrifugal inpeller used in a centrifugal punp such as a
vol ute punpTedeprassultioze PP BT npRPEFARG, kMRS MHT §R H@sheand | ui d

R R e S s i e
tel ades diGpogedmbéehaecepianti apel keppe of the present invention.

As described above, according to the present invention,
compared to the conventional centrifugal impeller, the relative
velocityofthe fluid flowingthroughthe fluidpath canbe reduced.
Therefore, the internal loss in the fluid path can be reduced,

15 and hence an excellent impeller performance can be obtained even

if the centrifugal impeller has a small specific speed.

Industrial Applicability
The present invention is applicable to a centrifugal
20 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.



inlet and an inpeller outlet; a plurality of fluid paths for delivering a
fluid from said inpeller inlet to said inpeller outlet with the rotation
of said centrifugal inpeller, each of said fluid paths being forned between
adj acent two of said blades; and a shroud and a hub for formng said fluid
pat hs; wherein a di stance between adjacent two of said blades is gradually
increased froma blade inlet to a predeterm ned position of said blade, and
is decreased from said predeterm ned pgsition of said blade toward a bl ade
outlet. 2. A centrifugal inpeller according to claim1, wherein 15 said
predeterm ned position of said bladecigykocated near a center of said blade
in a nmeridional plane. 3. A centrlfugal I npel ler according to claim1l or 2,

e T R I e o i
ersat ﬁé eaﬁ%? Ryl oo i %%feﬁ el | er

centrif ugal i”ﬁ ltX

accordi ng t%% rb éarbflnlﬂ <§ i glfor housi n

centrifugal i I?Je?ra]a]ntdya o@a‘fla I%atrﬁ? a‘% YERTH lﬂléce'%rtc?nifugal
i mpel | er |§aa@tagﬁggj_ inlet said 1mpeller outlet with

rotation of said centrlfugal impeller, each of said fluld
paths being formed between adjacent two of said blades; and

a shroud and a hub for forming said fluid paths;

wherein a distance between adjacent two of said blades
is gradually increased from a blade inlet to a
predetermined position of said blade, and is decreased from
said predetermined position of said blade toward a blade
outlet.

2. A centrifugal impeller according to c¢laim 1,
wherein 15 sald predetermined position of said blade 1is
located near a center of said blade in a meridional plane.

3. A centrifugal impeller according to claim 1 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 said centrifugal impeller.

4. A pump apparatus comprising:
a centrifugal impeller according to any one of claims 1 to
3;

a casing for housing said centrifugal impeller; and

a rotatable main shaft to which said centrifugal
impeller is attached.





