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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
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30

diameter Dy 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
the inlet width By to the outlet width B,, and it is also desirable
to change the angle of the blade 110 gradually from the inlet
angle f1 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
directionof the centrifugal impeller. A fluidpathl1l40is 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. 1In the
conventional centrifugal impeller shown in FIG. 2A, the shroud

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



120 curves entirely so as to project toward the hub 130 to form 28 February
2007 WD 2004/ 020836 PCTI JP2003/ 010836 a curved line L1. In the8 Ednvanii208hal
centrifugal
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hub 130 to forma straight |ine L2. wever, as shown
in FIGS. 2A and 2B, if the curved line 5 L1 or the straight line L2 is
formed at the shroud 120, aneridional I|&ngth of the fluid path 140 becones
long and a width of the whole fluid path 140 in the neridional -pl ane

cross-section becones small_ip the case.of the centrifugal inpeller of a
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one aspect of the present invention, there is provided a centrifugal
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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 rdtation 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

predet erm ned position of the blade, and the curved |ine 28 Febtbehryary3697
WO 2004/ 020836 PCT/JP20031010836 3 curves so as to project toward the
opposite siVMe 2036 hub in a region fromthe predeternm RebBIHIYOBK of the
blade to a blade outlet. In a preferred aspect of the present invention,
the 5 predetermned position is |located mear a center of the blade in a
meri di onal plane. According to the present invention, conpared to the
conventional centrifugal inpeller, the relative velocity of the fluid
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velocity of the fluid flow ng through the fluid path can be reduced
greatly. Théretoreridhenahtkanrg-loss in the fluid path can be reduced,

and hence the excellentq]pelber Rer OLIBNCE; 638nPERD! AL 20, eyen il  he
centrifugal inpell’er has a small specific Speed. n & preferred aspect of
t he present toneahtoomaltoeeami flugrésifostes: atha s det Dfe tied oltil yadfl thesi de

of the shroud.correspond _to each other when vi S?WEd in an axi al direction of

the centri fuaé‘fldifﬂ’rﬁ LRELhToag I%f’ BFAPRERCER @cﬁe%?cef%e_ pPESeAtcally,
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iincreased from the blade inlet to the predeterm ned position of the blyade,
and is decreésthe ffbmd hel pviedet Erreurt Pesiflivgn ofathhd sbisades teowded 1y
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 formed at a side of thehubandaside 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



the bl ade outlet. 30 According to the present invention, because a region -
where a fluid velocity is reduced can be extended to the downg8 Febmmarysilgé
of the fluid path conpared to the conventional centrifug inmeller, a
friction %P\ﬁg‘é‘ﬂ’z‘f"ﬁ& fluid and the fluid path can 28 Febﬁ{}yﬁfﬁ%ﬁ‘?&“’v\o
2001/ 020836 PCT/JP2003/070836 4 be reduced. Further, because non-uniformty
of velocity distribution at the blade odtlet can be inproved, a shearing
force produced in the fluid can be reduced, and hence a loss at the
downstream region of the fluid path can be reduced. Theag qgg-unifonnity of
afl
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es;
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increased fegnuarbhadgyi AlebctOoR HEEHed efingd position of the blade, and
is decreased fromthe predeterm ned position of the blade toward a bl ade

outlet. In a prefkeeerdizpéotansititdreagpesent ihevenesont inent20n, there
i near _a_center qgade

o Tor | i Gnab BTHHES 3 1FF B ar e ATREpeat P ERES PP EEehie I RV Br7
stream1d i nBsaties G pRLs cd I5é thee Of ahhigngull canth Be Siatlel 0f ikhpel1sbraitlet;
correspond to each other when viewed in an axial direction of the
centri f ugal @ P2 radpéy @ fluidpaths fordeliveringa fluid fromthe 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
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 the hub 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



Accordi ng to anot her aspect of the present invention, there is provided a
‘punp apparatus conprising: the centrifugal inpeller; a casing2B®ebhatsiong
the centrifugal inpeller; and a rotatable nmain shaft to which the

cent ri f ugal Wiorie4/026436i s 30 attached. Brief Description ofcborwiosgssid G 1A
is a cross-sectional view showi ng a general 28 February 2007 WD 2004/ 020836
PCT/ JP2003/ 010836 5 centrifugal inpellerg FIG 1B is a neridional-plane
cross-sectional view showing the general centrifugal inpeller; FIG 2A isa
mer i di onal - pl ane cross-sectional view showing 5 a conventional centrifugal

i npel | er whose tsfirmudlcumped 1s@;as  to project toward a hub; FIG 2B is a
nmeri di onal - pl ane cross-sectional view show a conventlonal centrifugal

i npel | er whose shfdd 1%1Pﬁ%W?ﬁéel°§?}anﬁ?? HOSRar CEIRAB EGFPROWENs a

mer i di onal - pc!rﬁenegeqfeQ;%% $RGH ARG aWpshawi}g  a centrifugal inpeller
according to a first enbodi nent of the Eresent invention; FIG 4 is a

cross-sectional viFW.02Atser Bent AL PDGal P! ﬂp@KH@ﬁS-§ﬁ@WﬂOﬁﬁlNN§W3h0W5HEIG
5A 52 9ranh COmaring q Lelatl waqxs! oLy o MLyl gl theeentr fuoal

i mpel | er presen |nven e “Conventonal

centrifugal ﬂdﬁ#ﬂdjﬁbtIﬂdﬁaﬂﬂBdrﬁub,graph conparing characteristics of the
centrifugal inpeller accordlng to the_present invention to_those 20 of the
conventional cent fiugaP lisrpBRIéALORRESPLBAC (BT SSE AP LV s SBRBI g

Cr o R e o oot 0l ECRRERY
, straightly toward a hub:;

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 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
of 120, FIG. 6B showing the centrifugal impeller having a specific

25 speed of 140, FIG. 6C showing the centrifugal impeller having
a specific speedof 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 view showing an example

30 of a pump apparatus having the centrifugal impeller according

to the present invention.



of 120, FIG 6B showing the centrifugal inpeller having a specific 25 speed
of 140, FIG 6C showing the centrifugal inpeller having a spec8felgruspyedd7of

200, FIG 6D showi ng the centrifugal inpeller having a i ed of
240, and pygzo@@zgqqgw ng the centrifugal inpeller havi nggg/(j%ﬁg%ﬁ@% speed

of 280; and FIG 7 is a vertical cross-sectional view show ng an exanple 30
of a punp apparatus having the centrifug® inpeller according to the
present invention. 28 February 2007 WD 2004/ 020836 PCT/JP2003/010836 6

Best node for carryin t e Lnventiop: A.centrifugal inpeller according to
an embodi nent of the gSrses}e{tﬁ?ei rfl\?gn{alg%%%\n%lg%% E%%c??%%rgg 2 ow wi t h
reference to the adeamtp@sugkl Gmpkllmaneoirdianate prarebodisensesti anal

view 5 showing a centrifugal inpeller accordi gg to a first_ enbodi nent. of
the present DERPERE BRVERFECR 4% Qecq%%%mgﬁé:l QY Y1 el TFL e eRE S ERL YRS ugal

i npel | er Sh%%wiiﬂg:él.G F3¢.AS $BOWNLE R il G 3o PEde derds eSSt f 0] Jimel | er

conprises a plurality of blades 3 (only adjacent two of the blades 3 are

10 shownSi n sBl@ing) a cestroiagdl ijpped leanadcaohdbng. tdlke fhratesmi3odiiment

di sposed betv%e g the shrgud 4 and the ng &e.al ong: an _axial . direction ipf t he
centrifugal AnpaEI BFCSAAC ot S SPbsel Bet heh & S CPRpELLAi P ALeT 147 ©

posi tioned aheaceartidugildenpk1ike erokni ingaic.igpeller and an inpeller

outlet 2 positioned at a circunferential 15 side of the centrifugal
i npel | er. The bl a@&sSBowR dnafF@hgednst 4/ angem bF I fuedbdmpied e /GPBpTis &S

ci rcunf erent L i centr, | | rdl
opi rally. AS BLaFRLgEh BE Pladdl 3 Ry bUSRCe e e 20, RLnEgR Sy Y
bl ades BOso shichat ia FELGi.d4} s aledhnmrdedtib) obighatfiea fHub & .paThs Plédesn3 he 20

el et 1hgoul LapeLLer, ovtlet 2 hat e nghelt 97 el othe o)
bl ades 3, therekravd 4r @ ckherhglgdl Gapsliltledt 8nd also disposed between
animpeller inlet 1 positionedat acentral side of thecentrifugal
impeller and an impeller outlet 2 positioned at 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



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 inpel | er28februgryg 2007
enbodi ment conprises a two-di nensional inpeller whose streamlines at a
side of thaveawm283@ a side of the shroud 4 correspond POVERRH/GOREr 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 30 perpendicular to a surface of the hub 5. In the

meri di onal - pl ane cross-section of the centrifugal inpeller shown in FIG 3,
a curved |irfe im3acteghenshf cudesrionhneh Leveh® Hhérprud drds IpledufvEs so
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pl ane (hereinafter ,;referred tqQq as . a near-center.position C) so that the
Fluid path PHSHRHERBGNS DRILAET DR 2UETNC H0 SLRE Michr T6 BACEF CBRE65 ¢ i on
C. The Cgrv?ﬂqéiﬁeor!ré, al §i0e eUEVES 19035 4 0s PEAEOEE dPNaRG ptdeOPROFRLE Side
of the hub inaregion of a neridional length M fromthe near-center

position C tideoppageteusiee B shetd 5 rhe Feqgien pdt A e yigligngdnégngtha

i cimity of v ooPe th e Burr R PR e p DR S R N At

€ ou i's Structure, sihce'the
path P can bghev dened plaint e yegiddedednmathe hleaden Meindk tend hef the
near-center position C, a neridional velocity of the fluid flow ngyt hr ough
Qﬂﬁﬁ A Ve GHEId

the fluid PRI FEHEDHEIFHIREICHEAMAFT BAEBLY RIS P¥ 15

of the fibui depd gheqd | sy eh paty P can be reduced conpared to the
gonventional centrifugal inpeller. Further, since the fluid path Pis

narrowed in the viltith thisf sthectiherie sonteethBflaid path iPatendfe whdehkdi d
f: isvh?;?:d(:;{{? tegg?éﬁﬁtgggc%%%hei }STPa?cllel %ﬂ_ie% Art%d%ﬁgdneaarn-dcehnetnecrep%scll%sliorned
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 broken 1lines represent the
conventional.
As shown in FIG. 5A, 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



20 5A is a graph conmparing the relative velocity of the fluid of the
centrifugal inpeller according to the present invention to tha8Fefruady007
conventional centrifugal inpeller, and FIG 5B is a gr

char act er (¥ 2¥4/083¢ he centrifugal inpeller according tg ! eﬁgaéﬁﬂﬂt
invention to those of the conventional 25 centrifugal inpeller. In FIGS. 5A
and 5B, solid lines represent the presedt invention, and broken |ines
represent the conventional. As shown in FIG 5A according to the

centri fugal el l.er f .t Present | n 0 of t he
fluid 30 cjatr@’e rlg eﬁ 5 ﬁgg arles ion E)\é%qtflﬁg BP% e’i ﬁ%&{{%&f oeat%ghb(%a
outlet B, CmmarsedsAplhhtﬂue:eeuemfﬁgalL m@ﬂhe&ugﬁlthenp:eﬁemt mﬁearce_fomr,e,
since an internal loss jn the fluid ath P can be red;gg b an excel.l ent

i npel | er pefidFdahee Ealebe bt 4B 6541650836
PCT/ JP2003/F1§>18§§§\ 8ot feddifyd T;JaEJe&aéo atﬁgalcbn%gﬁ@hahals%%c&rl@ﬁrgtaher as

shown In the centrifugal inpel of the present invention,
since te rehpelieryelbokbér yhexd tdhlesd |dnab atott I*Iélaml%de 8@@( Il"etnceBad@é@frtot

change conpared to the%conventl nalndcent I‘Ilnf é:]fa\% . n%))g er.,, Eul er Cpead al so
does not chBRYRY bfd Fernd L SRS £RdEwRTTP s ot S+ HETE aee d i 38 S5tms S

ef ficiency sBowncigasey, 585 BADMW hdudliG deBinkdl &5 maﬂobdfeﬁej‘alne@a@s a

t heoretical head given by Eul er's equation. In the cross-sectional view

shown in FIGivan BydPétience eawbReen the adj acent bl ades 3 is set such
that a distance a},afpe éﬁb%ﬁls%@%l%aﬁt v'c?j‘e'wS 50RhL! £4 ﬁ"?” A daJ gl%caez at
an

the near-center position | stance at the e outl et
Bis dtallkeetvban tiee a(dijsatc@und:ebhad(aaﬁ 4 =sa2pt, ssohttiat tahelldrtahaacel el ween
the adj acent E)Iades 3 gr adual. | creas d fromthe bl ade inlet 15 A

toward the he8PIEdR éplﬁﬁsbi 17 éﬁlaéleén FERHLET 2t Rpdeate oo ndER er
position C peuetdohhe kl,adeagutheat aBd1§t£§]ﬁ@eteﬂeat the blade outlet B is

smaller than the distance a; (a;<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. f‘urther,
since the distance as; 1is smaller than the distance a,,
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



di stance al at the blade inlet A and the distance a3 at the
near-centerpositionC are |large, a regionwhere the fl uidvel oci t%/8 Febgugrg d0eq
can be extended to a downstream side of the fluid 20 path P conpared to the
convent i ond¥Y0d¥H0248B¢4igal i npel ler. Therefore, the centrifugii?9i P& ®er of
the present invention can reduce a fluid friction between the fluid and the
fluid path P conpared to the conventionalb centrifugal inpeller. Further,
since the distance a3 is smaller than the distance a2, 25 non-uniformty of
velocity distribution at the bl ade outlet B can he mgroved Accordl ngly, a

shearing for B&2pe dAFCERT B 3 HeLPFIIR™HL 8 4% H5e HEGHCBHR UBRBA h &ERCE U Ao at
the domnStre§Hb5F?o%% {hf@§1ﬁhﬁbglg%%ﬁﬂ%ﬁéybéﬁéiﬁﬂyﬁgghoaﬁgd$¥3¥iﬂgdthe

centrifugal 1 npe the present 30 invention can be reproduced using a
t hr ee- di msnsinnddatam/ellsethajé&lg@wmlghédtefhéunrhr edangemetsi dhal IiFhler s&

design nmethod is 0 n |st ut | on
is specifi e§OQﬁaeasbgiag%§8 HII nﬁﬁ Bﬁ% 3 Ilgpglgqﬁe}%oéj% 28] %g%fFPS d
February 5200?1o%&%ﬁ&m&%@ymdwooﬁﬁ@1@83&n&rﬂ3a@d@eﬁm ng Flulds,
distribution is determ ned by nuneral calculation. Theory of the

t hr ee- di nensVehal 1BnvEPse 8e5Pghmetidtf i SCAIdrudy 68 RidetVaiqws phapeing
followng Ii a 9 " &Eﬁﬂip | onal
De signMet ho%ﬁ?ﬁw%ﬁdl § agﬁg&% x%% %&% %eV\I/I Tﬁﬁ) ch r?qu:aEz;", (ﬂnr'ggencjd
Nuneri cal Methedsprasé&hti dspverMalan 131,nq3psh591@n@24mocﬁ:if£:a16ﬁom$lr onfjh t6te ar e
vi ews show n exanpl e of the cgentrifu eller according to
the present Eﬁ?@ﬁ%%ﬂ%nﬁ‘“@%ﬁ%ﬁd’m FPELHS &ﬁssB?ggrﬁenC@eearﬁ‘ﬁ fAFFHI3PEl | er
whose spegi ficgogperd. igicteases, gradustdy @%M@gntlﬂe%eﬁeﬁ@u ﬁln(:‘;%lfélﬁ 6A
shows the centrifugal inpeller having a specific speed of 120, FI'G

shows the cehewviihdgal sPe@apEl¢ esrper?ainorfg 1203p&effi 6B speeds d?rhelmntl:ﬂl(iu%ﬁ
shows the ceptrhfugal, Joamel lers naving a,speci i} ¢ speedrof 800,51 3LG SR

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. 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,



a

shows the centrifugal inpeller having a specific speed of 240, 15 and FIG .
6E shows the centrifugal inpeller having a specific speed of 28Gebhiary D07
centrifugal inpeller, there are a friction loss due to a fluid friction

bet ween t h&Q pQ#B28#d an i nner surface of the fluid pat RFCTARA0E/0M8% ng | 0ss
due to the non-uniformty 20 of velocity distribution. In general, the | ower
the specific speed is, the higher the frpction loss is. According to the
present invention, since the relative velocity of the fluid flow ng through
the fluid path can be small, the friction |oss can be reduced. Therefore,
the centrif@gal thepeenérijvgaidifge2seroofhbhpreEePent iR BhoR sC@t fiet i ve

in an inpell ergﬂ%\éi ng, %llsgg.rl?IeS.sB%cgﬁ&gxggﬁﬁgatgggsi_t is possible to

construct a“punmp - apparatushavi ng ent punp perfornmance by using
the centrifugal iTheeldmg appatrabuprséoentin AVEntT ormpttsehedidimsecbien abl e

main shaft.. 30 FIG 7 is a rtical cross:-sectional, view show ng. an _exanpl e
of a punp a&ﬁapéi"ﬁ’égrﬁa\‘}’iozﬁrt xg' @eﬁ??‘?fﬁ%%?l?rhgé f—%rw%%g Fnﬁen{gglﬁlu al
present §nventdeAnerThg LAY ARRAELtiSe phewBnkN f¥&ation is OoNtyrpsrexadpl e of

an application of the present invention, 28 February 2007 WO 20041020836
PCT/ JP2(103/201ai836hadt aRdexhendenf¥om ud Mok IS&CtaPrt Aé pPeSbatPUmMP

i nvention can he _appli t.q all r,at Uuses,. u "
appar at us sHown i !%%G glgdctglrﬁ)rcfegte%egﬁﬁg?or kgec§| 02'4 %g %\&/?%gceoagno ‘6?1 10, a
punp secti orerkbpbit Wh T the neant shafyals. 5witpelHier siduataoe diangrivihde
present invention is incorporated. A nmain_shaft 18 extends fromthe nptor

section 12 tiPXdfe PuHp-2 tk?Y)nt}l‘.B, mghart h8 €§njttrhief ﬁ%j)fi:lori AT 1142 | $5fixed
to a |oygr atf%%xs?rﬂrtt‘de%‘tgftﬁgecé@ﬁﬁrﬁlt i %el%&hlﬁ%ﬁt?fer%%h?r%c@igﬁ' vi ng

force gener by the notor 10 of the notor section 12 is ransmtted to
the centrif Ugalthiropghl the Iwpigf shedtpdflp eerelon rotating the centrifugal

impeller 14 together with the main shaft 18.
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 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
is disposed at a central portion of the casing cover 26 for thereby
preventingapressurized fluidinthepumpsectionl1l6 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
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16 through the main shaft 18, thereby rotating the centrifugal inpeller 14

together with the main shaft 18. The punp section 16 conprises sin 4
having a suction port 20 and a discharge port 22, and an inter‘ﬁ%g?%é?aégﬁm

casing 25 in the casing 24. The centrifugal i s housed
in the int e}‘n%éc%&g?ggédam ng 25 in such a state that an |rrprrgﬁ1lé\ﬁ;m¢321]%’?(’l of
the centrifugal inpeller 14 faces downwardly. The internediate casing 25
has an opening portion 25a at a lower poktion thereof for allow ng an
interior of the internediate 20 casing 25 to comrunicate with an interior of
the casing 2 u ry .2 S t ne si

casing 24 a%&eyggnu%%g ée’gt%?t% t eélﬁ#gjlg?ofﬂ?ﬁt e%crgsgﬁegpc%lﬁt rggﬂcfthéh

di scharge porhe22otstiacabedclet ctehﬂ:m,tmrmlt ewedéepolﬂiorﬁMreﬂctnee,cammg 24

and comruni cates with fhe jnteri of the 25 internedi ate.casin
onsi oo aver theedht b Mty oS, S TR Y, SheL G Fanan e Fthr

notor secti 0@012tﬁé3f§@3_/§rls gﬁbﬁeamﬁw\ ofie she th Bhesdedbat s AshBE A% rifdr
nmechani cal seal 28 is gé;)se at a central portion of the casing cover 26

for theréeby O[fr éh@n@&iw@ et ilged relsevg izadt Ard piapn stki¢lmrasl from
fromentering h thbgn 12. In the punp apparatus having such a
structure, tﬁe dr%vf%ﬁg?&gopéggo?gt he notor 10 is transmtted to the
centrifugal inpell®hild4 thexegréoetteihowariend hagr tihewn otekhe iann wilaf t

18, and kinetic 28 February 2007 WO 2004/020836 PCT/JP2003/010836 11
energy is i nFEEEEERES tRe F uPHPPPIHERE) ChRTERE, cHSP NG “@ﬁlbﬁlcattﬁ@nﬁotaé‘tq on
of ‘the centribygak:bARGld fhe hhae IPREESs e Lhe; GeRkkbbyglcddmalder 14
is rotated byaenerél zingt 3}9 e not eor CBt hse ufé I slsucl%ed grorﬁét l?gtl on
gort 20 10t o firleer rthEespmrlﬁ efdt lseozgasolﬁthd pamlems presstiozed and t hen
d'egg?f‘[)ggdvj e the SLSEPA I8 B9 e 22iccMidig' S PLESSPELAVENLIQN Nas been

compared to the conventional centrifugal impeller, the relative

escCr

velocityofthe fluid flowingthroughthe fluidpathcanbe 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.



reference to an enbodi nent thereof, many nodifications and variations may
be ‘made in the present invention wthout departing 10 from t he8dmbriary 207
scope of the present invention. As described above, according to the present
invention, conpared to the conventional centrifugal inpeller, the relative
velocity of the fluidflow ngthroughthefl ui dpath canbe reduced. Therefore,
the internal loss in the fluid path can be reduced, 15 and hence an
excel l ent inpeller performance can be obtxained even if the centrifugal
inpeller has a small specific speed. |Industrial Applicability The present
invention is applicable to a centrifugfl 20 inmpeller and a punp appar at us,
and nore particularly to a centrifug IIer used in a centrifugal punp
such as a volute punp to pressurize a fluid by inparting kinetic energy to

the fluid due to a centrlfugal force, and a unp, apparatus having such a
centrifugal inpelter. 28 Febr F?W?ﬂ} Fugpl drRevEes  CoRBABEPBIgal i npel | er

conprising; a pl é‘rﬁi\hfé/lplfy QJ@%Q%&HSS@%%M weeleah hAPehpben 1l athlex and
an inpeller outlet; E urality of fluid paths for delivering a fluid from
Ci

sai d i rfpel PBE an|émp9é i QUtAS&i er outlet with the rotation of said-

centrifugal inpell EIurEﬁQEyOBfSQ'l@uU WatRaths Qfélrﬁgvexfﬂ’icﬁm&i beLMeeFrom
adj acent two of said_ blades; and 10 a shroud and hub for formng said

fluid pat hsaidwhepelheFninl#kr Fai SALe- bT%ﬁ%léFoggtééEtVbﬁhth§aF8 ation

centrifugabri gRel! eentaieuguedipRe 1@, S &ixks O uh i v Bl & Op #Bh sS &led rd Ui d
pat h, curves SO0 as to project toward said hub. i region froma bl ade
inlet to alprBaet BEAIVAEE BEIACREDT V%4l §E§qﬂé;ﬁ9%%'tﬂ% said fluid path

is wdened from sakdrbliadendnkehubt dcxaifdriedeterid nErhp@sphths,; and said
vaed line Curvegesgln in a meridional-plane cross-section of said
centrifugal impeller, a curved line of said shroud, which forms
said fluid path, curves so as to project toward said hub in a
region from a blade inlet to a predetermined position of said
15 blade so that said fluid path is widened from said blade inlet
to said predetermined position, and said curved line curves so
as to project toward the opposite side of said hub in a region
from said predetermined position of said blade to a blade outlet
so that said fluid path is widened in a region downstream of
20 said predetermined position and narrowed in the vicinity of said

blade outlet.

( 2. A centrifugal impeller according to claim 1, wherein
saidpredetermined positionof saidblade is located near a center

25 of said blade in a meridional plane.

3. Acentrifugal 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

30 of said centrifugal impeller.

4. D centrifugal impeller according to any one of claims

1 to 3, wherein a distance between adjacent two of said blades

isgradually increased fromsaidbladeinlet tosaidpredetermined

35 position of saidblade, and is decreased from said predetermined
position of said blade toward said blade outlet.



as to project toward the opposite side of said hub in a region fromsaid
predet erm ned position of said blade to a blade outlet so tha28 Eelirdary200d
path is widened in a regi on downstream of 20 said predeterm ned position and
narrowed in the vicinity of said blade outlet. 2. A centrifugal inpeller
according to claim1l1, wherein said predeterm ned position of said blade is
| ocated near a center 25 of said blade in a neridional plane. 3. A
centrifugal inpeller according to claim3l or 2, wherein streamlines forned
at a side of said hub and a side of said shroud correspond to each ot her
when viewed in an axial direction 30 of said centrifugal inpeller. 4. A
cgntrifugal inpgllﬁrp@mpxugggﬁhgugagampqa@iab;clainB 1to 3, wherein a

di stance bgtweanradihgsentmpupiet sacdrhiageso baygdbadudd YeldiGicaseg, from
sai dbl ade pnlet to said predeterm ned 35 position of said blade, and is
decreased from salds predeteryd ned,g RS icQR+0f r3ghd bhadeLewargysai d bl ade
outlet. 28 Februyary,c004,;d3 r?ajfn“ FEHE&@?E?{)%%ECBO”BB&&' ”gené‘ﬁf?ﬁ‘ 41 fugal

inmpeller a e, of clalns a casing for housing said
centrifuga?ﬁﬁégggge%S %ﬁ%ﬁ%ﬁ?%iatable mai n shaft to which said centrifugal

i npel ler is attached.





