WO 2004/ 020836 PCT/JP20031010836 1 DESCRI PTI ON CENTRI FUGAL | MPELLER AND
-PUMP APPARATUS Technical Field 5 The present invention relates to a
centrifugal inpeller and a punp apparatus, and nore particularly to a
cehtri fugal WOnpBIRes36used in a centrifugal punp such as aPCEIRRMW3IBEPS t o
pressurize a fluid by inparting kinetic energy to the fluid due to a
centrifugal force, and a punp apparatus havi ng 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 anmeter Do and an outl et dianeter D2 pwfsaorm®TIent ri fugal inpeller, and an
inlet angle (31 and an outlet angle f 2 of the blade 110 are deS|gned SO0 as

to satisfy a required flGHTFEY THERR G S0 S AEAERATY S 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 change Tduhraiaple Rifeliche bl ade 110 gradual |y

fromthe inlet angle 31 to the outlet ag}%}%Y 2. FIGS

%A. nd ﬁB. ar
meri di onal® pl ane. crBae. BEEPEBhaI T FRLER O BrbBRE T AR L eHIRS YhRAl
i mpel | er dGSIgﬂsdaaﬁuﬁbabggaraﬁugboaﬁd ﬂ@réhp&@tiaufégfy 248 Ancbr2Bei flia1

centrifugal inpeller has a plurality of blades 110 di sposed between a shroud
120 and a hubmgzeﬂ)lecsnIllyednenbliaaents1§hgwﬂa pump| 83ch2as andveByte muep tades

110 are arranged at _an intery Is.i a circunferenti

itection of ERESBERLER: et Hih i, 1Ebat RLHE ikt ShasE 60 Ehreatybdigpe
adj acent two @b bhedimdesigalo, féf@e,shaﬂudalga@mpa@@pta&@thmsb hald@gs suidmata a
fluid flows through the fluid path 140. In the conventional centrifugal

el | er KhowsephrEfegaiaimprdlek-oud 120 curves entirely so as to project
tdward the hub 130 to form

Background Art
In a centrifugal impeller shown in FIGS. 1A and 1B, an
inlet width B, and an outlet width B, of a blade 110, an inlet
15 diameter Dg and an outlet diameter D, of the centrifugal impeller,
and an inlet angle f3; 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 B; to the outlet width B, and it is also desirable
( to change the angle of the blade 110 graduvally from the inlet

( angle B3 to the outlet angle f,.

FIGS. 2A and 2B are meridional-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 (only one blade is shown in FIGS. 2A and 2B). The blades
110 are arrangedat angularlyequal intervalsinacircumferential
direction of the centrifugal impeller. A fluidpathl1l40is formed
30 Dby 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. 22, the shroud

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



WD 2004/ 020836 PCT/ 3P2003/010836 2 L a curved line LI. In the conventional:
centrifugal inpeller showmm in FIG 2B, the shroud 120 is inclined .

straightly toward the hub 130 to forma straight line L s shown
in FIGS. 2WQHE+9M83G f the curved line 5 L1 or the straizla%ﬁ%%@rl?ﬁgi S

formed at the shroud 120, aneridional l|ength of the fluid path 140 becones
|l ong and a wwdth of the whole fluid path2140 in the neridional -pl ane
cross-section becones small in the case of the centrifugal inpeller of a
small  flowrate and a high punp head, i.e. a small specific speed ghb) . 10
Consequent | ya carvefldtingelvel d&i e 6PRVABLEPRRY FaWi iy acHy sUBRL Lo héhPrli d

path 140 becorreks% arge, d for 15GL 500115985 | ; fHlui ayh O0is
i ncreased, thts Ai;)’we%e’ngtar%n Al}l(ra'r%bgﬁ Zirzor 6§ glr ms';‘nce. s’}:ga%@?c 13’3&?’&”%0 ch
| nventi on Theupr ES®Mto i foranta oftmisgiednmade.in vi ew of the above

drawbacks. it is therefore an object of_the Zg{es%ng inV%ntion to provide a
centrifugal inpel IRWSHRTh aSasoEBueR BFCT nt%dt A9 2Bositi Hhe FYUNSE palk to

exhibit an excell.gatsperf glimage Lez_vi?]fgpméa athen& entbhfiugad, haRelilBhnhas a
smal | spécifTt speeds, and"to provide a punp apparatus having such a
centrifugal lepethesf the firuled patlachi ®veeadies ablovey ahjdea wialddord et o

one aspect of_the esent inventjon, ere i s provi.ded_a centrifugal .
i npel | er confRPF ngiuégplﬂﬁtﬁ‘l i]t{}& ot™ bfzgﬁeg‘e&il &%ed % erF 7S SRS | er
inlet and anyippgbs &imOul ket ind JAlsWr 8 ithne ebnthukdgRatfisod Ore el yaniang a

fluid fromthe inpeller inlet to the inpeller outlet with the rotation of
the centrifufabwingiel ked,a bagh pimp hieadi | Li €. Fashelbaipayifforepe st Wsen

adj acent, two_of the Db]ades; nd .a_shroud. apd b . f i t.he fluid

Bat o ifbr oFRRFRASERET Rerd dioim R e i geet iR roflver P e e

impel ler, atBur ¥eehd igeciofl dtheesbmeydl a whé chaddmendda frutdipatloscumves
the fluid path 140 is increased, thus lowering an impeller

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 fluidpaths
for delivering a fluid from the impeller inlet to the impellexr
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
S0 as to project toward the hub in a region from a blade inlet

to a predetermined position of the blade, and the curved line



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

. predeterm ned position of the blade, and the curved |ine WO 2001/ 020836

PCT/ JP2003/ 010836 3 curves so as to project toward the opposite side of the
hub in a r & owih2a8se t he predeterm ned position of the bl BABIR2903018$38de
outlet. In a preferred aspect of the present invention, the 5 predeterm ned
position is | ocated near a center of the ade in a neridional plane.
According to the present invention, conpared to the conventional

centrifugal inpeller, the relative velocity of the fluid flow ng through
the fluid patduwaecedsced. pSppect ittaidnd the bppphéteoaﬁzéetdnf)rta‘ie hub in

centrifugal inmpeller, a meridional velo y flui 0 hrough
the fluid pathrRgisobEr FALHELS P§eg€5ﬁ§¥‘éﬂ?éﬁ?%tﬁeo ?l?%ljﬂqtai‘#@ gn? iaﬁleet
to the bl ade Ieag. In contrast thereto, in the centrlfugal i npel | er
according to e present invention, the fluid path can be widened in a

regi on 15 f rom t he Inl age prelfetrre t&@qm‘tedefeﬁimenw@ﬁ‘ntt i bnyertyonapasiet i on

th ter of the blad d he, di.onal_ vel qci t £ uid
1 ovi ot b QUGPSR TR Bt o o 1. 31, By S5t Siforae' faae”

internal | osslﬁnatlﬁg,e\_ichy@giapafgi\a&@n be reduced, and hence the excellent
i npel I er performance can be obtained 20 even |f the centrifugal inpeller has
a small specific speeRrding atpr éfhe réﬁe%@})‘écﬂnﬁﬁnf-h@npr examanad ehei Ghe

stream lines_for rred ﬁeﬁ c%nq:erl%tu the; ﬁ%@lf&d i g &Q%e ?L#g of the

O
correspond t 50T when Vi an axi a rec Ion 0

centrifugal #rped t@bma@ th&o@glhﬁﬁ‘f@fl@ﬂd papRcandfe tdeups@serspddivaralay, a
di stance between adjacent two_of the blades is Pradual ly increased from
the bl add0i nl &t the tpRVpREHehat Herddifogali HAPetl¢he Bgiedigpal viedocity

décreased frogythe, Peges epfipas POSELIAD @fe the] e aardsdihe lads,

outl et.
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 throughthe fluid path canbe reducedgreatly.
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 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.

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



30 According to the present invention, because a region where a fluid

vel ocity is reduced can be extended to the downstream side of the fluid
path conpared to the conventional centrifugal inpeller, a friction between
tthe fluid MU2OHE20BIYI d path can WD 20041020836 PCT/ JP200BFHREEH108361,
reduced. Further, because non-uniformty of velocity distribution at the

bl ade outl et can be inproved, a shearing 4force produced in the fluid can be
reduced, and hence a |l oss at the downstreamregion of the fluid path can be
reduced. The 5 non-uniformty of velocity distribution herein refers to

non- uni f or mtey vedackbui d Fekbbpry iMeeREHS eBPRONNpEPPBATYCUWEr VeloTaty

flowing di reeiion,of the 1 uid fcear dne o anoterasneat, of, Lhe prgsent

i nvention, t centritugal impel onprising™a

of 10 bl adesHes &t weercran 116l lcen bel etedaitddgn dnpeleneye autlbel; a
plurality of fluid paths for deliveri ng a fluid fromthe inpeller inlet to
t he i npel | eratoffbiee€Onehrerd ¥o41eR i shethbrt@math g bei mpatget. daeh of

the fluid p . Rai 194 e . adj ag -k;]ys‘% a : d

shr oud agd ?%ﬁb‘gﬁor oF ﬁ%é)h{e’&?%llggl?a%gkrﬁs ée}{elhﬁ?'.gm&i S]?%fh%%é]bg?v\een
adj acent twneai-urhief ddmaidies ofi s fnaiduakl yci g ricasedi feonien peagendilcetl atro a
predeterm ned position of, the pblade, and is decreased fromthe

predet er mi netP DHosiATH ALEFSEHPARE t%ré}“’au& ade outlet. In a preferred

aspect of the pre%eagomw%%oer{& a@ﬁé@i@é%th%rdﬁié@%’@?ﬁ%h%oﬁf thae.bl ade

is located near a center ©of the bladein a nmeridional plane. In a prefeerred
aspect of t his pmsenied v esnitord, fusaleanpellaescébupnesding: aa lderadfittyhethub

9.2, S Sy dde, ginoud sorseshond, Lo .sach el e, ieued. L0, 20 2 o
f: Qﬁt pres Sglt A pYGRLL 98y SET 1 diph tRik0Nddesh Bty aPAaTiat Heok @RRMINPeN et he
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 is a cross-sectional view showing a general



inpeller; a casing for housing the centrifugal inpeller; and a rotatable
mai n, -shaft to which the centrifugal inpeller is 30 attached. Brief

Descri pti on WO 20-H483¢gs FIG 1A is a cross-sectional view showPngsmeogsner al
WD 2004/ 020836 PCT/JP2003/010836 5 centrifugal inpeller; FIG 1Bis a
meri di onal - pl ane cross-sectional view show ng the general centrifugal
inpeller; FIG 2A is a neridional-plane cross-sectional view showing 5 a
conventional centrifugal inpeller whose shroud curves so as to project
toward a hubgehl®i faBalls igpeeliedi;onal - pl ane cross-sectional view showing a
conventional centrifugal inpeller whose shroud is inclined _strai g}t}lﬁ
toward a hub; 10 FF&G-3B $sR Reridional -Btane C€r°(§§§-5.e§§&PP8|]ra‘fl‘?)’fg ¥he®i ng

a_cent i fugal, J el ¢,1366064139.4:9 ahslegnbodi ment of the - present

i nvention; FI i's a cross-sectional "view of the centrifugal inpeller
shown in FIG 3; 1%IE.QA5A d meaidiapal ephpaeiqmypss-rselcatiione lvel e shpwbhga

fluid of _the centrifuygal _inpeller according.to the present.invention _to
that of the @oﬁ@@ﬁ@%ﬁgpa&eggpﬂzﬁté&gainb@??g}?rFV@sng rOUd GUENE S 8fpaPi ng

characteri stiﬁgyojg& t&RiHyd fU9Rlp ;i npel l er according to the present
invention to those™ 20 of the conventional centrifugal inpeller; FIGS. 6A

through 6E are vi ewSGshdRiing erafpliesadfpdeskgrmsofsadid anedt vi¢wghbwing

cont 11 ugal PSRy SF oo A SIBRI Lt PR RRGCUBniSnaRCd e e

centrifugal idmelipitiRavidien@ sPagid; ¢ 25 speed of 140, FIG 6C showi ng the

centrifugal inpeller having a specific speed of 200, FIG 6D showi ng the

C(ant ri fug@l inpell&flG. 3 is ameridional-plane cross-sectional view showing

‘ a centrifugal impeller according to a first embodiment of the
present invention;
FIG. 4is across-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 is 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
0of 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 speed of 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.



havi ng a specific speed of 240, and FIG 6E showi ng the centrifugal

i npel l er having a specific speed of 280; and FIG 7 is avertical ,
cross:-sectional view showi ng an exanple 30 of a punp apparatus Qavi ng the
centrifugaWQ 802836 according to the present invention. PYEH4)18%6536
PCT/ JP2003/ 010836 6 Best Mode for Carrying Qut the. Invention A centrifugal
i npel l er according to an enbodi nent of thé present invention will be
descri bed below with reference to the drawings. FIG 3 is a

meri di onal - pl ane cross-sectional _view 5 show ng, a centri fugal i mpel | er

according to a first cRBsdi ¥Hede foF CAEPIREME Rient?emrti®s 4 is a
cross-sectional vi ﬁ%é}{trifwﬁ%ﬁf&meg]‘i%?rabw%h% EHUWM e ook fRend ogmé;gwg

in FIGS. 3 and 4, a centri conprisés a plurality of
(only adj acepteseant ainvdet bbmdes 13bardesciQ bsitoie liow ¥ ith m)fermnsier badid i p)

4, and a hub 5. The bl ades 3 di d bet the_shroud 4. the hub 5
ai ong an axi 9 SUHFRCL | BRCO 3 UHE TeMETH YA THBBIT er " ANT S7S0H G Shoser

bet wveen san E%ﬁiﬁ@raidﬂr@@rilf&_{?ﬁi inprededt adc62at hgl tSiadei okttt st f ugal
impel ler and an inpeller outlet 2poSitionedat a cifcunferential 15 side of
the centrifugél theyetdsent Thwaitddes 3FaFe aArramgedoss-saefabanlyveegualt

intervals in circunferential direction of.th cengtrifugal inpeller and
extend out V\/aFﬁFyCEB?gFé%W?HAﬁfHB?% |ef:y838¥]nff'ﬁi EIS’at ﬁs P are forned between

the adj acent bl adess3rdwn tRatIcE f BUd & 5 adedh Vel edghhnaweh 1checdhpt kpat hs
P fromthe 20 inpeller inlet 1 to the inpeller outlet 2 with the rotation of

the centrifugablurpbifirof Spladds calloplyspdtesestr Fearnfed sy dlanesadjawent

o ades St DEnEJEOl e P UL SO0 L g DAL BB 5

shown in Fl Gard, dibposedt befugah 2% ishpehlded afidt hhs ruibddiateaty eompises a

t wo- di nensi onal inpeller whose streamlines at a side of the hub 5 and a

side of the 9hFBggLion of the centrifugal impeller and also disposed between
animpeller inlet 1 positionedatacentral 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 ére 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 Lj; of the shroud 4, which

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



4 correspond to each other when viewed in the axial direction of the

. centrifugal inpeller. Specifically, the respective blades 3 extend fromthe
hub 5 to the shroud 4 in a direction 3Q perpendicular to a surface of the
hub 5. I n tW® 18402B¥nal - pl ane cross-section of the centrifCYH20YHEEH| er
shown in FIG 3, a curved line L3 of the shroud 4, which fornms 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 nmeridional length ML from a bl ade
inlet Ato a position C near the center of the blade 3 in a neridional

pl ane (herebnafiterreefen red & neasdaonairergtieMpdsoni arbilgdsdntliedt A the

fluidpath P is wideped fronthe bl ade inlet Ato,the near-cent.ey. 5 position C
The curved | Frﬁé%.%i“a‘i’%cf'r Eﬁfaefe@_msGeggelroogrt&eeg%aaﬁvgﬁé} 2 five @saiq‘t BiEPae of
the hub 5 in (8chegn@F @y &R diions! ad enaidhr-Merdfiaamddid tiedr cGesbethat
position Cto a blade outlet B so that the fluid path Pis wdened at a

regi on downstheaihwifd path Mieaivident@frpodie bkpde bndehartoWeensRar pERLEN t he
vicinity of 10.the.bl ade qutlet .B. Wth this structure, since the fluid
parh P Lah HECRAGHREE | REF G JANPARA LG CBT 88 TohF SEoA T b qe Loward
near-center ROgl %}bﬁ@si@e & de gt waahveliaciht Ye@for e & Ind £l cawiingehBeaUgh

the fluid path can be reduced greatly, and hence a relative velocity 15
of the flui dMenfxee theikepat PeFRPIFe rHeduSeliocanpha@dl QW-kete B so that

conventional ,¢centyy fugal _i l.er. r,.sin he flui p [
narrowed in ﬁi‘éa vfiriclflnc?t L/Dalcc)gpt%hel Ivéd%g%%?l %F @, cif%gtfllr&glw Aé{é%etlo%r?hgff I‘S'Bfad
di schar ged fmead-heroent pdsdgdlon opetd erarrowgdedhaeglyaind tence cdndesi oed

flowrate can be obtained.  FIG 20 5A is a graph conparing the relative
Vel oci t y1Bf tHhe Blade stutisle Rentrifugal inpeller according to the present

;‘2":““ on to 1. 1Ralpkpiles copvand 0naheenis Isivad patRY Lk b@fd dEhy °B
graph conparing characteristics of the centrifug I npell'er according
to the presenin theen¢goontrdindhe nfaddhendenvlritd bhalnear-center 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
C 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 broken lines 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



25 centrifugal inpeller. In FIGS. 5A and 5B, solid |ines represent the
present invention, and broken lines represent the conventional. As shown in

FI G BA, a&gg%}g]‘@gm%éj) the centrifugal inpeller of the prﬁéﬁﬁvobmﬁ? i on,

the relativ of the fluid 30 can be reduced in a region rom t he
bl ade inlet Ato the blade outlet B, conpared to the conventi onal

centrifugal inpeller. Therefore, since abh internal loss in the fluid path P
can be reduced an excel | ent inpeller perforrrance can be obtai ned even WO
2004/ 020836 P2003/ 108 i.f_.the_inp speci f| c.speed.
Further, as RERTED B0} AL SEERRTFUGRT SRl TP Che ShekTn

invention, isipge. tm ialiid ¥envel eahhy iafpdine f bﬁltdleaprébénbh&ﬂi%rﬁlﬂdnet B
does not change conpared to the conventional centrifugal 5 inpeller, Eul er

head al so d@@gx%ttmar@eataam e iy gfafthe doweid iat ide M@rd@as?@d:l@
D ey ot | oy et bRR! 2Aaehe MomtOUD 40, EhG coflveltiBhal A daﬂ.ed as

a theoretic S equa i on. Cr oss sec |ona VI ew

shown i nsFl Gmgel Be#j stwwlee heldd betyweibdérmcechamme blaadehehdes sethasuch
that a distance al ate the blade inlet Ais snmaller than a distance a2 at

t he near - cere@fer pb%lﬁqtoﬁnérﬁéseQaQQ) 2R fEreheRCuI Rl nHE et But | et
Bis smalleg I gkanc ( t hat 4t tyeen
t he adj acent %%‘5\2 rSkéilésj g%aduﬁ%i%ié%g?eff%%%dt g blgig%%% et 1%%%&%\

toward the ngaavenehjze]ﬂubes%rmua&i@md is decreased fromthe near center

osition C toward the blade outlet .B. Since th di st bI ade
oot A and the. di T diitee Srp<i S i o VEem sRouBs st C by & |

regi on wher endhge fh Ul Al BGdent biafkedusads Gait bacaxtraded &1%t%n@%wf9§tarteam
dide of the fluid 20 path™P conpared to the conventional centrifugal

i npel ler. Thiee &fl@de, inhet dehs rSilT!fadQ@l theeld @1sban@ﬁeaparte§éﬁtnaamremnm can
reduce a fl u'gs{{igﬁlgn(aget Waez ah r3leaf l Llusgaﬁgg éh%t tH bEgEih cgutlet B is

smaller than the distance a; (a;< az), so that 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. S8ince the
distance a; at the blade inlet A and the distance a; at the
near-centerpositionCarelarge, 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. f‘urther,
since the distance a3 is smaller than the distance a,,
25 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
30 invention can be reproduced using a three-dimensional inverse
design method. The three-dimensional inverse design method is
a design technigue in which a blade loading distribution is

specified and a blade geometry which will realize the specified



" P conpared to the conventional centrifugal inpeller. Further, since the

di stance a3, r than the distance a2, 25 non-unifg qhbxmg@nmg&OC|ty
distributigﬁbgP&gﬁg&%lade outlet B can be inproved. Accorging ly, a shearing
force produced in the fluid can be reduced, and hence a |oss at the
downstreamregion of the fluid path P car®be reduced. The shape of the
centrifugal inpeller of the present 30 invention can be reproduced using a

t hr ee- di nensi gn j nverse d - di 0

dosi gn et hod ree HoHELRE A S h A BN R e e TR By PR R e Y SRR on
is specifiedndyaobtrdengeenginynshbgdl whivkre ealleisz_@ntrm:mmem aeedry\ﬂed
2004/ 020836 PCT/ JP2003/ 010836 9 bl ade | oading distribution is determ ned by
numeral cal cdiradiedail fReshy HP11oiel Rkt el HEMS? of@RITRY s& - desPgh nethod
i s described "A
C‘onpresmblepnUr %%Hgﬂ%%a 4§§§ﬁy&§%§#b%§§gﬁﬁ&ggpéﬁ%} xé%ﬁgdé?%éd

Tur bonachg nerpiBvathesbombohindry Blmaaescalzﬂ\ﬂat hodsmeniEhliMbshoddoln F181idpp.

599-624. FIGS. 6A through 6E are views shaow n exanpl es of designs of the
centrifugal ‘el 1%t &Ror%ﬁ%ggzt% FRESpr é@eﬁfg"ror"ﬂ\%‘nﬁﬁoﬁrﬁnﬁ@ﬂémﬁﬁﬁmng
nmodi fication 5 I p p S
gradual |y 1OSGT rénr#lg%e&%%étéo dé%ao%@%ﬂcgnt\g& oa\%sgt?r?fllggﬁt r%?ggléggh%angg 'l er
havi ng a specile c pepesthtof ib@@ptEbG 8Bdshshswihe cesiififasgalons npd | éhe
h f d of 1 FIG 6C sh th ntrif I | |
om0 3 Shectan i SReeth Skl BooB RN e SO s pIBEHRER
QaV' ng ajgpectfif rsReednolo #48. dd. andchl 6 Shwhews é&?tﬁefﬁcjdﬁ‘i eller
npeller having a specific speed of 280. In the centrifugal 1npeller, there
ate a fricti daviss a di]ECtlila: tspaed PEi t2PonFbet wekrshidves ftlh@l @teaﬁdlérmgladner
surface of the f and_a m. xi.ng | 0ss th ar.m 20
of velocity d}r@?#%ﬁi ﬁw‘?% aeREFSF)leh&Hee\ﬁer hlgegospeg% "SheE the

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 velocity 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.7isaverticalcross—sectionalviewshowinganexample

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,



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

i nvention, since the reI ative velocity of the fluid flow ng through the.
fluid. path the friction loss can be reduce t he
centri fugal ??rpeﬁ'ﬁer accor ding 25 to the present inventi O%CTEB@FO% %\/e in
an inpeller having a small specific speed, and it is possible to construct
a punp apparatus having an excell ent pum® performance by using the
centrifugal inpeller of the present i nventi on attached to a rotat abI e rrai n
shaft. 30 FIG (7 s avertl SS- ctlo V|ewsh Wi.ng_an .exa a
punp appar atdR HehA r@e?Wel ‘[‘Fb%f al%%%sre& t‘:ﬁ{]ctlhoé1 Pé’sgr?t

i nvention. T p_.‘:éqp appat at églog\f\ | drat9s®f] y an exanpl e of an
application %ﬁp pr esent Jlgyzl\olentl on, %%4/ 020836 PCT/JP2003/010836 10

and the centrifugdlhe pp@lplaypaﬁatuﬁesbwsémﬂﬁﬁwérﬂqnm‘rw @)@Ot@mﬂqcé'dqlb al |
types of pu

mot or secti oh? ar % uses ’Fnr}teo pur’%ua pae[f%%lus §t| on ‘"}f‘g Whi C%I%Nfusgeasl :

centrifugal irﬁpérrp@t Ileqr abéoaacmgdt@@h@ptbgeﬁtmmnumems|mcmsporated

i ncorporated. A main shaft 18 extends fromthe notor section 12 to the punp
section 16, AnsRrimeshahtrld wyiendpduet the retorkegctson Love? tléEthUé‘%ﬂtl on
of the main W IS V. r at y the
notor 10 of 81@50%816 airﬁttﬂ ﬁéllgéi]%%&?%mlgn tltleédT'n tg g %ﬁeﬁgieér%f%?f %gﬁﬂdéll
inpel ler 14 @ﬁdtﬁmwoswe mainlthdfir eagh wheh mais stwidtdBe, thiriehyng
rotating the centrifugal inpeller 14 together with the main shaft 18. The
punp secti onfesceoApReseded kit MY hf afsHEe BWtoﬁorstechoéln&Qa is

20 The "Rent FEFOGNT CTHAO T OF Lo & ReqSad ThPERE T ri brodod 5t BUERe o ot

24. The "centri I npe 4 1s In"t elnterrrelat i
such a stat el6hthr angh nped merdin Bh_laétt 18 pfthdeelme matiattagal thgp«eéﬂl‘enﬁﬂga‘]aces
downvardly. The. |24 7odb308n28%408,281093,30 RERLgePOTti On 252 at
The pump section 16 comprises a casing 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 interioxr of the casing 24. The

suction port 20 is located at one side portion of the casing

r‘\r)
R

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 fluidinthepumpsection16 from entering

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



portion thereof for allowing an interior of the internediate 20 casing 25 to
comuni cate with an interior of the casing 24. The suction port 20 is

| ocated at one side portion of the casing 24 and conmunicates with the
interior of WVRERHERD¥YG 24, and the discharge port 22 is | ecatmedodioldshe
opposite side portion of the casing 24 and comunicates with the interior
of the 25 internedi ate casing 25. A casing.cover 26 is provided between the
i nternedi ate casing 25 and the notor secti'on 12 to cover an opening of the
intermedi ate casing 25. A nmechanical seal 28 is disposed at a centra
portion of thensep) Ng denerri2f fioy trerfdi d pridvernid)ng na tvee saurinzed 4f byi d
in the punp section 16fronenterin e _nptor_section 12. In the punp

) g 30 the

appar at us haviR) ZUAT1Os Ofudhgr €entReTHERYI HgPetbfEel bf (HELRdide 10hea
transmtted t i-f-4g i I : fi L.on
of the main s a% [2:% f‘gﬂgﬁllgra% %E“P :egﬂ %\b %oﬂ%%f&e%%ﬁp%% %%6%%%%%8%% R\%rfblr
energy is inpbot étdetfluinkifslalickdd fgqondhd suthieon ginig2 24 iy thédd ntetrabiron
of the centrifugal inpeller, 14. Therefore, when, the centrj.fuqal i | ler 14
's rotated by EndiGIATES Ad ARG 151BTCERBET PO PR ekt TGRS 1568t i on
port 20 into ¢{he hNiEidQ4e Soofrthe casing 24, and is pressurized and then

di scharged from the discharge port 22. \Wile the present invention has been
described with refldtidicethe grresmddi meventher ebfs rhasn nddetrthedons tand

variations may be made [n the present invention wthout departin 10 from
the spirit an%eg%ﬁﬁ%p%f£9hgﬁmééﬁﬁéiW?W%n SHeO T ngngfﬁﬂ%&585anﬁcég¥Hing
to the presenyainyedhdRay KORBAEEGh tRe Phe searvEiidonan Gefhbht Wdartin
inmpeller, the relative velocity of the fluid flow ng through the f IU|§bath

dan be rdduceBromThes efielttaldi peepnadt | 68e PFRIFRE fANNeP R can be
reduced, 15 and henge ageﬁée‘fr&ﬁﬁéd ox}e”pg'c'c%&dﬂﬁfgi%”u?ﬂ&epfeaé‘elﬁe ORI even

if the centrifugal Tnp as a smdl [T "speci speed.
compared to the conventional centrifugal impeller, the relative

velocityof the fluid flowing throughthe fluidpathcanbereduced.
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.



I ndustrial Applicability The present invention is applicable to a
centrifugal 20 inpeller and a punp apparatus, and nore particularly to a
centrifugal inpeller used in a centrifugal punp such as a volute punp to
pressurize a fluid by inparting kinetic energy to the fluid due to a
centrifugal force, and a punp apparatus having such a centrifugal inpeller.
12 CLAIMS 1. A centrifugal inpeller cd@prising: a plurality of blades

di sposed between an inpeller inlet and an inpeller outlet, arranged at
angul arly equal intervals in a circugf ?A ffgial direction of said

centrifugal inpeller, and extending outwardly spirally; a plurality of fluid
paths for delivering a fluid fromsaid inpeller inlet to said inpeller
outlet with the rotation of, sajd centrlfugal i npel l er, each of said fluid
pat hs being forneld betAvEeHr ﬁﬂib&@ﬁ%eiﬂﬁmﬁﬁuﬁhid bl ades; and a shroud and a

hub for form ng rel nt two of
said blades is grsdggﬁgﬂtg Oglbﬁdgi%ggég%@r%n@%&b& g’é@%ﬁ {ﬂ%t éﬁcﬁ%?ﬂh&fgr m ned
posi tion of muslet] abhaghd, ataandulafly edadrigraats inrDoircmifdreptigidditeetioh REGai0Si t i on

of said blade toward a blade outlet. 2. A centrifugal inpeller according to
claim 1, m&ee#rﬁug,aéwapelw,ead@teéﬁemm@%dky&waléy sal d blade is | ocated near

a center of sald Py B fud el Bl ANE Ay pnoGH EhodteplniRe! | e

according to cl ai stream I nes e of said

hub and a sisdfl iafpeHed (ﬂltl%hﬁvﬁh(ﬂh@mtatﬁﬁmﬁﬁddbaltﬁﬁfghl mﬁ]foeﬂllef eabtesr saidefigid i n an
axial directign of said centrifu (g inpeller. 4. A punp appar atus
conpri si ng: nathsehsing forged b‘TtWﬁ@H‘ ?CCaE:F%’ersﬁ@ ttlédeén"}ndone of clains claimlto

3; a casing for er; and a rotatable main
! aahsgx?c ecﬁ%xr Ffb%ﬁ{. s%?d fl'lﬁl {Hs

shaft to which sal |rrpe athed.
wherein a dlstance 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 claim 1, wherein said
predetermined position of said blade is 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 claim 1 to 3;
a casing for housing said centrifugal impeller; and

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



