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2 APR 2004 1 CENTRI FUGAL COVPRESSOR BACKGROUND OF THE | NVENTION Field of

the I nvention The present invention rflates to a centrifugal conpressor
used in, for exanple, a small gas turbine or turbo refrigerating nachine,
and especially relates to a centrifugal conpressor equipped with a

typi cal vane type diffuser or a diffuser what is called a channel type

di ffuser. Description of the Related Art Centrifugal conpressors are

provided with a diffuser t i.Qn aratus that reduces the
velocity of a gas and convgw%}"s'ljﬁ?@&ﬁqnép@m into internal energy. An
exanple of a centrifugal conpressor provided with a diffuser is shown in
FIGS. 9 and 10. The centrifugal conpressor shown in the drawings is

equi pped with a casing lpAgKGROENIPOFZHBAIVENTRONS by being axially
supported by the casing 1, a scroll 3 provided integrated into a single

uni t W Feid bethedaventiod around the inpeller 2, and a diffuser 4 provided
in the shape of a ring so as to surround the inpeller 2 between the

i npel | er 2 Zhd pssentlinventionelatgs foraecatrifugal comprasetagedin. T SXEPRIC By of
vanes 5 di sposed separated_fromeach,.other in.the i edi.pection,
and T ul SRS FOGRG b <SETOVIB GG ] ebr gy ity Bttt

di scharged tf L AR 8 pidalWaRe Blpe it ilsBRoOMdiBuSts WHa IshRileadali al
directi %ﬂl,npr Slg‘{pectqt@lpgo re ﬁtgPlﬁ?}l ta e%@)gl ocist yoto 1convert t he dynam c
pressur @ nnel NHeAASudeNt 0 static pressure. However, in a centrifugal

conpressor as ‘descri bed above, since the inflow angle of air to the
di f f userDetchiptampefsheRelatedh®rti nt ake f1 ow volume of the inpeller 2 is

changed, weven if for exanple, the djrecti of flpew of ' ged
from the i mfeintiéfugal coppEESSeE STe RKPY‘Heé K& 3iq%g'&s[ef 8‘5“ 8’1’“ Oﬁ%géngéﬁ%g@ £| i ne on
the fronf .edge of the v tdN;d f; Ueerev.f Ade

i nt ake ftf‘%t\ﬁa%fzfjh’@ Véﬁ"é’%%ggg? %%%rhdacr?gﬁ%rgsﬁg}rlh%ﬁgggéhtrg\ggtﬁﬂai ng r|gyn a

decreas %xkﬁgﬂé S s RlrifEdlicehpRaYor ploVisedoaiss egiffuser iopiovart imGGSafgedfifom

surge to choke to becone narrower. .
The centrifugal compressor shown in the drawings is equipped with a casing 1, an
impeller 2 that rotates by being axially supported by the casing 1, a scroll 3 provided
integrated into a single unit with the casing 1 around the impeller 2, and a diffuser 4
provided in the shape of a ring so as to surround the impeller 2 between the impeller 2 and
scroll 3.

The diffuser 4 is composed of a plurality of vanes 5 disposed separated from each
other in the peripheral direction, and fulfills the function of moving the direction of flow
of gas discharged from the impeller 2 closer to the outside in the radial direction, while
also reducing the velocity to convert the dynamic pressure of the gas into static pressure.

However, in a centrifugal compressor as described above, since the inflow angie of
air to the diffuser 4 changes when the intake flow volume of the impeller 2 is changed,
even if for example, the direction of flow of gas discharged from the impeller 2 coincides
with the direction of a wing center line on the front edge of the vane 5 at a certain intake
flow volume, if the intake flow volume changes, both no longer coincide resulting in a
decrease in diffuser efficiency. This causes the operating range from surge to choke to
become narrower.

Therefore, although attempts have been made to reduce the ratio of chord length to

the pitch between the vanes (chord-pitch ratio) and prevent the formation of a throat



Therefore, although attenpts have been nade to reduce the ratio of CH%Q@?NN
|l ength to the pitch between the vanes (chord-pitch ratio) and prevent the
formation of a throat . 2 APR 2004 2 Bortion bet ween the adj acent vanes in
order to widen the operating range, this makes it difficult for

conversion to static pressure to proceed and resulting in the problem of
being unable to obtain adequate diffuser efficiency. Here, the throat
portion refers to a space between the adjacent vanes extending from a

| i ne dr popied bébwasnyky adjacent yankes onerdpigofvyiden the opefating range thisdaksht to t he
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Wi der  opghilh ik 4Lt Janexieitigeibm FikdopedidoNinbiciioaly deor dagemt i n
di ffuser efficienCy even if the intake flow volune of the inpeller is

changed edgsofaheeansgarfean tisowirigngntehinatoclnepiropredrdownay ectegally iffomy te
conpressor is enployed having the structure described bel ow. Nanely, the
first aspﬂ@ﬂg®®PEh@ﬂwré®Eﬁ@thmvﬁﬁﬂﬁﬁﬁfh@i a centrifugal conpressor having
a diffuser around an inpeller; wherein, the diffuser is equipped with a
plurality of vane groups conprised of a plurality of vanes disposed in the

peripheral direction of the i RsRkeHF SHERNYRNPROKRONCENtric about the
center of an axis of rotation of the inpeller, and the nore the vane

bel ongs to tiheoiidiatidmefRh cisdimstanees dsalesdribed aboed, the, objéve o thalpresentt he
angle relative to the radial direction of the inpeller. In this

cent ri f Ugedntiooapiogsevide a senitfugaberepressenthpt dllavAidee ORI AINE JRREG 10 ¢ 4t i ¢
ressure for S hausted from the ,npeller. i assage of
he gas SutHhBUGRCAE ANRARES SFeBtie o SyBRRLt T hBERERR e i EFED PRoGR0

t he gas SUifw centric circles, high

efficiengy I{]§Opmg%gglqler\_lﬁ{:§&n§5&e gas passes through the outernost

positioned vane gro sécond aspect of the present invention, is the
centrifugal goipleassior salei@ribd sigpvetpootildras, hicestrifugsp ewnpiskser & ampipyedany vane
group excludi ng the vane %reoup at a_position nearest the inpell he

1

nunber Ofavingibs stredtensgicpraibed below. Vd}l@ne@y,d%ﬂgsgasgﬁcti tﬂéﬁ‘gprafcnt hvention is t
a centrifugal compressor having a diffuser around an impeller; wherein, the diffuser is
equipped with a plurality of vane groups comprised of a plurality of vanes disposed in the
peripheral direction of the impeller so as to be concentric about the center of an axis of
rotation of the impeller, and the more the vane belongs to the vane group positioned to the
outside, the smaller the angle relative to the radial direction of the impeller.

In this centrifugal cémpressor, since conversion from dynamic pressure to static
pressure for gas exhausted from the impeller proceeds with each passage of the gas
through each vane group disposed in concentric circles, high efficiency is obtained when
the gas passes through the outermost positioned vane group.

The second aspect of the present invention, is the centrifugal compressor according
to the first aspect wherein, in any vane group excluding the vane group at a position
nearest the impeller, the number of vanes belonging to the vane group is an integral
ﬁm]tiple of the number of vanes belonging to the other vane group adjacent on the inside
to the vane group.

The flow of gas discharged from the impeller is organized along vanes belonging to

the vane group positioned nearest to the impeller during the course of passing through the



mul ti ple of the nunber of vanes belonging to the other vane group adja@éW32M4
on the inside to the vane group. The flow of gas discharged fromthe
inpeller is organi zed al ong vanes bel 8nging to the vane group positioned
nearest to the inpeller during the course of passing through the 2 APR

2004 3 vane group, and flowis fornmed such that it is curved in the

direction of a wing center line behind (outside) the vanes. Conversion
fromdynam c pressure to static pressure proceeds with good efficiency if

this flawnd grolisthrayiosisdomhdd el threakenirhg innhediedetiof of heviny esmergimoups  of
the latter Stage. In this centrifugal conpressor, vanes that continue to

send t héehindowsideethe ouriosar Conversian fraysd ywamid pregburaiostitls PIEAYCgr oup,
except for the vane group positioned nearest t.ohthe i%el | .er

\ up posli. .
cor r espdeReads vih gaer wifigisary Vakis Sopds Sipuyardmathaph Weakangig,n 5861 ¢ Bhed
nearest to the i ller. As a resul Lonversi o essure to
Ctatio peesgures FoeldisGhs h DRk RERLEE Aol LRI Enclip
obt ai ni j if f f1 464 : Wik B5P8 ek fédrhRe panesent
i nventi gg?d)lihs? f{Hh“g&c%ﬁtoﬁll uggfé %%Vg Sﬁgg‘glg?a_gﬁegg?di ngg’j}t'gg tﬁ?ﬁf irr s_‘t: or second
aspect Vhesepstiticted heasst tb iR inpelts, tetespgidig thondindusianeegbodoygieg the he

position nearest to the inpeller are able to rotate indivi d@ﬁl"ﬂ?" by being
axi al | y snpgonpegsitiopediratesstophe inpabler.t oAt hEesaki cOnyErSiPB LM BHAE § he

i ntake flow volune of the inpeller changgs, t di.r i-on.of : gas
di schar JEESSPIcdmSIaHE PRGSHUF Ipé‘{gf)”e‘%n‘ﬂ“}l ﬁ%‘)%oﬁqﬁ%lé?‘iygﬁerg?y ?]Ti(;em\%g rtltge %gé%\l? }egfg%Fi ne on
the front. e anes belonging to the vane group positioned

near est rﬁl%ﬁﬁﬁgsggn%felh@g?wno | onger coincide, thereby making it difficult

for the flowfanzaatpdruss thagreeadiim@nton, dedr eastiifigal dirfifresser aesofding @ncy.
Therefore, the vanes are rotated so as to change the inclinati ogh of the
di r ect i othe dirstton eecmna gspeetivberein; pideashtheyangs hsipnzinge BiEne &P #di t h t he

di 1 userpestancegiiey Oied fapsleai aneat 4o CRnopaDER bibe TP pEN Lo,
nventi o s pRBREL it PROIERLUNT Sor Bccording. to the third aspect
wher ei n, t herfigd ataelfRwasese st tiedmpalldricaages, thadieqeind of flovradigas he
discharged from the impeller, and the direction of the wing center line on the front edge of
the vanes belonging to the vane group positioned nearest to the impeller no longer
coincide, thereby making it difficult for the flow to continue and ending up decreasing
diffuser efficiency. Therefore, the vanes are rotated so as to change the inclination of the
direction of the wing center line on the front edge and coincide with the direction of flow
) of gas discharged from the impeller.  As a result, diffuser efficiency is maintained at a
high level if the intake flow volume of the impeller changes.

The fourth aspect of the present invention, is the centrifugal compressor according
to the third aspect wherein, the rotatable vanes stand on flanges independent from the
walls that form a portion of the diffuser separated in the direction of the axis of rotation
with the vanes interposed between, and rotate with the flanges.

If composed so that only the vanes rotate, a gap ends up forming between the walls
that form a portion of the diffuser and the vanes, which causes a disturbance in the flow of
gas and a decrease in diffuser efficiency. Therefore, if the vanes stand on flanges and are
rotated together with those flanges, there is no longer any gap between the walls and vanes,

thereby enabling diffuser efficiency to be maintained at a high level without decreasing,



wal I's that forma portion of the diffuser separated in the direction ngPR'lO[M
the axis of rotation wth the vanes interposed between, and rotate with
the flanges. |f conposed so that only4the vanes rotate, a gap ends up
form ng between the walls that forma portion of the diffuser and the
vanes, which causes a disturbance in the flow of gas and a decrease in

di ffuser efficiency. Therefore, if the vanes stand on flanges and are
rotated together with those flanges, there is no | onger any gap between
the wal | s afitle {ifthaspect ohtde gagertnazinting is ihefagateifugs] £ompepsoy 2eepréiag to

mai ntai ned at a high | evel w thout decreasi ng. 2 QPR gﬁg4 énghe S}Lﬁfth
aspect &F¢ thisg opfausidmspsch VRIS Ae Yage gHUPASRCEIRGAF OHTHILYESPHCEor di ng
to the third gr fourth aspect erein, ft.he y. . ' t he
out si de“PEE0E 5 B P DL LGl hN Y RS fE feRr AN AGERor R

di recti a;whidi®ap® ntai ning the arrangenent of the individual vanes.
Since turning the vanes causes the position of not only the front edge but
al so the r 8iiceautgingtthe cirengeyses therpekidbn ofinoticnby thadroneedfietyt eldgde of t he

vanes belonging to the vane group adjacent on the outside is no |onger
possi bl ecar pdgetorabange, comeinten wWigh thedesdingeders gadie varestsiongingdP 4 vaiher eby
causing a decrease in diffuser efficiency.. Therefor if group
adj acen®&" R ad e%‘uﬂ"s&ﬁ@“'ﬂfgﬁ@ Oﬁ%%flg%ﬁgleé?siog “2 qi“(‘)]\l/\%(jlwgo%(ﬁdr}%a? n the
peri pher E&e bbifi TRLOEAE R fRERANIC BRIt if fiH wanelual
vanes, it‘?{hgeogg%gﬁﬂﬁgésbﬁ%#el%g% E%%%F (Iyl1 g%[(-al]tstgllf\;‘zeP}rlegdrygedges‘3 of 1t he rotat abl e
vanes vw'gtrch]ptdmﬁacfcﬁmﬁ the dgriiead thehetavmiesanbeisailigived to tumn intbe pemghegal oup
t

adj acent on the outside under any circunstances, thereby enabl_'é‘gg
di f f userdire¢tidrcwhitc maingainiagthd srrangementa indinded vresselt bERAPFROSHBE Rasi ng.
The sixth ect of the present .invention, is the centyi N essor
accor di r?@”?]g& "gﬁécalr ﬁé%eé,ogflbetfrof abls vanes Wﬁtﬂégepﬁg?t tn‘\(?/\{ﬁe(‘asrcge}idr;f% L#ﬁgb?ﬂgg ?‘E of the
chord | ' v BB SRAdNGy RALARQMceY aRGELY Enabligg per i pher al
directi gﬁ%ﬁ#ﬁ?ﬁtdgﬁgﬁ%&}v@%gsEi s | esrs Fhan 1. Oc.‘3 Al t hoyugh thge angl e of
t he r ot afifildee cifRABRY tebainaltaihal dthaighdiell widiquedtdramsingf the inpeller is

set to becone larger the smaller the intake flow volunme of the A,r?el | er,
and smal | erThetséxth asnget ofi the presend frventiony iy Bie R nHigal RIVPRISET PEPTINE 1% he

vane an%g th%%%o%% hoer%ift?'noaspcct wherein, the ratio of the chord length to the interval
between the adjacent vanes in the peripheral direction of the rotatable vanes is less than
1.0.

Although the angle of the rotatable vanes relative to the radial direction of the
impeller is set to become larger the smaller the intake flow volume of the impeller, and
smaller the larger the intake flow volume of the impeller, if the vane angle approaches 90°
by reducing the intake flow volume of the impeller (although the compressor is actually
thought to become inoperable due to the occurrence of surging), interference can occur
between the vanes. Therefore, if the ratio of chord length to the interval between the
adjacent vanes in the peripheral direction is made to be less than 1.0, even if the vane
angle becomes 90°, there is no occurrence of interference between the vanes, and
operability is improved.

The seventh aspect of the present invention, is the centrifugal compressor according
to one of the third to sixth aspects wherein, the ratio of the chord length to the interval
between the adjacent vanes in the peripheral direction of those vanes belonging to the

vane group adjacent on the outside to the rotatable vanes is from 0.5 to 2.0.
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by reducing the intake flow volune of the inpeller (although the
conpressor is actually thought to becone inoperable due to the occurrence
of surging), interference can occur bet ween the vanes. Therefore, if the
ratio of chord length to the interval between the adjacent vanes in the
peripheral direction is made to be less than 1.0, even if the vane angle
beconmes 90, there is no occurrence of interference between the vanes, and

operability is inproved. The seventh aspect of the present inventjion, is
the centrifighd intrangdbetyesnsn thecadiaagniivpnes  the aergherah drggtiongs 199 WekttiSaspect s

wherein, the ratio of the chord.length to the interval t he
adj acents NPAAREOPTALE HECHE CRHFANSE FISEHIPARCES lgﬁ}l%ﬁm{’ﬁf@%&v%hgge? rglegr%i ng to the

vane gr oup JOLAGROL LN, BRGHONLEAAR L nL UBaLOk ALARKPIARABNIA difcomrd. 5 Lo

2.0. 2 ein et wee adj acent vanes in the

per i phepafhodh v464 baBngifg (OMe 9RBNgrolp &jacdns of e cpgidooprthatuatailngancs is can
cause di sturbances in the flow o% gas. Therefore, if the ratio of chord
| engt h #adé bebd friomrisito hepthegas fidve ismfafiathergbn preveringiscisases pher al
direction of those vanes belonging to the vane group adjacent on the
out si dediftusetreificignex-abl e vanes is made to be from0.5 to 2.0, the gas

o St porht LR ARG YR TEERt 0GR ST Gl gl ol LB oncy

The ei ghth I'nvention, 1st centritfugal conpressor

accor di g & & QORRfo {d¥enthiabts WhSGEUEINE RatASFTaRE Eenydheire the dehier ofthe o of
t he Iengt% fromtﬁe center of the inpeller to the front edge of a vane

bel ongi Rgpélter tdthevrune edgeoofm aine helpoging itothervens gwup ahposiRTeRqaEss! Hewar d t he
outer radius of the inpeller is from1l.05 to 1. 30. i&nce t he gas
i mredi atwpsilaftewardiby eeriadiph 8F hedmpeiinit ﬁ%mi]nﬁ?fg'iol]e ‘has an uneven speed

from the | el el U @SB Pad A UMt HISHBEASYS afndiip vanes

are m ni mal | X ere there are no vanes have

more of sﬁ%]detfn{:rﬁ%e HEPHRM i Ghters iHe @ @er, @hd éfEdcenalithe Jhes efeanmjmalf t he
rati o of e I'ength fromthe center of the inpeller to the front edge of

a vane bghipnge ige vortéhgaps avtergtheterons varcs hext mewragn cffhe AOFPFIEE to t he
outer radius of the i eller is made to be fr 1.05 to

: icd ' ' 1 eeh@r df Qims'lf%fo free
vort ex ghffssenhficencyhedBergioge. ﬁ%‘hﬁéﬁ@sOféP"e epebTTR e G ERR PREPEE O t he
diff userthc Erggtreeéjgx of AVate f)eﬁgngqr'lé I{Hﬁg Cane group positioned nearest the impeller to the

outer radius of the impeller is made to be from 1.05 to 1.30, since free vortex gaps where

there are no vanes are provided to the inside of the diffuser, thereby improving diffuser

efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view as viewed from the side of a centrifugal compressor
showing a first embodiment of the centrifugal compressor of the present invention.

FIG. 2 is a cross-sectional view as viewed from the axial direction of a centrifugal
COIMpIessor.

FIG. 3 is a cross-sectional views of the essential portion showing the structure of
rotating mechanism.

FIG. 4 is a cross-sectional view as viewed from the side of a centrifugal compressor
showing a second embodiment of the centrifugal compressor of the present invention.

FIG. 5.is a cross-sectional view of the essential portion showing the structure of 2

turming mechanism.
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efficiency. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional

view as viewed fromthe side of a centrifugal conpressor showng a first
enbodi ment of the centrifugal conpresfsor of the present invention. FIG 2
is a cross-sectional view as viewed fromthe axial direction of a
centrifugal conpressor. FIG 3 is a cross-sectional views of the
essential portion show ng the structure of a rotating nechanism FIG 4
is a cross-sectional view as viewed fromthe side of a_centrifugal

conpr essor FKhévik agrass-sectional \aem defi cxpleinipg ‘WW@%WWWE&%GS%B‘% BBsor of
the present invention., FIG 5 is a cross-sectional view of the essenti al
por t i ontosHEW'#RF 8TAWP a1d theflo¥Oi@S:a  turning mechanism 2 APR 2004 6 FIG 6

|s a cross- ?Fé:t’f 1gﬁ%lm1\ﬂrec\f\6sfsggctﬁfflgf \?h\g if@%ox&v/ﬂg?iﬁ% g}g%f:'al fhertlof vades

bel ongi ng 0 ‘each "vane group an 7is asimlar

CrOSS-Ssabhgﬂgtoe/aicﬁwaﬁ@groagslah@maifrwv@ sarrangenent of vanes belonging to
each vane group and the flow of gas. G 8 is a cross-sectional view as

vi ened fr onFIGes isiadeossfseatiomehtiewias giiweddrom desite of aHisniriugad CORpegor
enbodi ment of the centrifugal conpressor of the present inveantion. FIG 9

. ! . R
is a cremwisgethishanbediswneef the esnddfues] SHMPRSSY; HAhOPresent BNFPY Migal
conpr essor i ng _the struct.ure G50H i fL C fesddpe prior
art. FIG 18%?“3 a%;%sss-ssp S ali:‘élﬁgl asvieg%das vimeewe fraoﬁﬂﬁﬁgéag%? rg? f.;(Sji rection

of a cenfly; trfeRIPBES 8QHrifRial ddehpiéss & ofakd priddafAl LED DESCRI PTI ON OF THE
PREFERRE‘B; Ifbg% SI\/liEI\I'I'S The frcl)l %wi nﬁr oVi despa det ai | ed expl anation of a

first enmbodiF@nt0 iBfa drtws-seetivnal fiegas vewndioss e azfal ditectipngd @fentrfigdht i on
with reference to FIGS. 1 through 3. The centrifugal conpressor shown in
FIG 1 icomprpsi@édhe®idy a8 casing 11, an inpeller 12 that rotates by being
axially supported by the casing 11, a scroll 13 provided

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following provides a detailed explanation of 2 first embodiment of the
centrifugal compressor of the present invention with reference to FIGS. 1 through 3.

The centrifugal compressor shown in FIG. 1 is equipped with a casing 11, an
impeller 12 that rotates by being axially supported by the casing 11, 2 scroll 13 provided
integrated into a single unit with the casing 11 around the impeller 12, and a diffuser 14
provided in a ring shape so as to surround the impeller 12 between the impeller 12 and
scroll 13.

As shown in FIG. 2, the diffuser 14 is equipped with two vane groups A and B
comprising a plurality of vanes disposed separated at equal intervals along the peripheral
direction of the impeller 12 such that the vane group A is disposed on the inside while the
vane group B is disposed on the outside to form concentric circles an axis of rotation 15 of
the impeller 12 in the center.

Vanes 16A belonging to the vane group A and vanes 16B belonging to the vane
group B all have a wing-shaped cross-section, and the number of the vanes 16B belonging
to the vane group B is two times the number of the vanes 16A belonging to the vane group
A.

Although the vanes 16A and 16B are each disposed at prescribed angles relative to

the radial direction of the impeller 12, the angle relative to the radial direction of the




integrated into a single unit with the casing 11 around the inpeller L Aﬂlﬂmﬂ
and a diffuser 14 provided in a ring shape so as to surround the |npeller
12 between the inpeller 12 and scroll’/ 13. As shown in FIG 2, the

diffuser 14 is equipped with two vane groups A and B conprising a
plurality of vanes disposed separated at equal intervals along the
peripheral direction of the inpeller 12 such that the vane group Ais

di sposed on the inside while the vane group B is disposed on the outside

t o for mimpelderrdfthecvanes 6B ansitisuesl apfthe ovtaide dsmalepthan dhed of isarnesr 12 in

t he center. Vanes 16A belonging to the vane group A and vanes 16B
belonglH@A%%”ﬁﬁwe@aﬁgwlﬁﬁéﬁp B all have a mnng shaped cross-section, and

t he nunber t vanes i mes
{he nurber g!ﬁgo glévzlrbeAG%Q)éw% tottéé)}[« rXﬂgf’é gcrlﬁ%f?lsﬁogcilb% eﬁgh the
vanes 1%1%% of ¢ & elalcthat%ﬁf?‘a%%ﬁloﬁtof%&ﬁﬁhkéi’Qd sap@htesin @k alrbatontdd  t he
radi al direction of r%elrrpe 12, the angle relative to the radial

di rect i aRe efis bhﬂ)tﬁloﬁﬂﬂ \Qﬂﬁ)éhc?e v;{meﬂﬁ.&nnt&@osﬁd Heheeenamebeath Bamasdioi isned on
the outside is smaller than that of the vanes 16A positioned %n t he

i nsi de. fixeddutivecndlapgesaliia ivdapendeniom thayiaHg 18 and ﬁé‘WHHéUM’GB 18 being

di t I l's.18. of th
G 1P oeersngl 1/BS: i B e Hommed a8 pt of Btkch IS ApBRLiE AR offhel N
these V g@e;irgfrr{g ﬁpﬁ.‘%ﬂe ?a%éé‘@%b whithe82aR 1\86“%%&%@1% kirneddbet vveen

flanges ent fromt s 18 and is axially supported by a

shaf t 17sy|ﬂblh1’ohodslly bhe raasi@edibnan2anatlinglihd mgldvelasixe & Gf radialat i on 15.
The surfaces of the flanges 18a are nearly in the same pl ane th the
val | s 18dirdetion of theempelleril2 tp bt shanged.s yrewewindhe pyelesoidhs ving |1ﬂ‘g|”i‘?é’c hani sm

20, enabling the angle relativ era direc n of the inpeller
12 to be“‘?fh%i"ﬁ@éﬂt e PETYP: DY 5%81382“ Kol %é’f\}gnveagesl%éﬁ not, even at

the m nimum ,bg, W}Llﬁb §h§ng r?tEﬁn%ﬁ%lﬁﬁlSﬂiZG i@%qﬁﬁ?ﬁ&ﬁwﬁﬁ@ﬁxéé aﬁﬂQWﬁnl n FIG

3, the rotating nmechani sm urpped with a fixed arm21 on the
out si de of duhleC@3hdGhsi} Bosoas tb oross e Shathe7? shadch vare A Fabh langhevise6A i n

t he | engt hw se .
direction, a coupling ring 23 disposed concentrically relative to the vane group A l.hat 1s
able to rotate in the peripheral direction and has a slide groove 22 that engages each arm
21 while allowing each arm 21 to slide freely inside, and a drive cylinder 24 that turns the
coupling ring 23 in the peripheral direction within a prescribed range. This rotating
mechanism 20 turns the coupling ring 23 by expanding the drive cylinder 24, and causes
the coupling ring 23 to swing all arms 21 accompanying this turning, thereby causing each

j shaft 17 and vane 16A axially supported by it to rotate in synchronization. Furthermore,
the rotating range {angle) of each vane 16A is defined by the width of expansion of the
drive cylinder 24, and is about +15° based on design point.

In the above-mentioned centrifugal compressor, each vane 16A is disposed so that
the ratio of the chord length to the interval with the adjacent vane 16A in the peripheral
direction is less than 1.0. In addition, each vane 16A is disposed so that the ratio of the
length from the from the center of the impeller 12 to the front edge of the vane 16A to the
outer radius of the impeller 12 is from 1.05 to 1.30. Moreover, each vane 16B is
disposed so that the ratio of the chord length to the interval with the adjacent vane 16B in

the peripheral direction is from 0.5 to 2.0.

In the centrifugal compressor composed in the manner described above, since
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direction, a coupling ring 23 disposed concentrically relative to the van
group Athat is able to rotate in the peripheral direction and has a
slide groove 22 that engages each arn® 21 while allowi ng each arm21 to
slide freely inside, and a drive cylinder 24 that turns the coupling ring
23 in the peripheral direction within a prescribed range. This rotating
mechani sm 20 turns the coupling ring 23 by expanding the drive cylinder

24, and causes the coupling ring 23 to swing all arnms 21 acconpanyi ng
this turcaivegsion fremedynamacipriessyreiactaticnesture 17atdn praered eagh Hoe £p% v

t by it t tate i h i zati,on. F h .2, the. i
ange (GROESbIoRdhRITRer 1BRHSE WGER GEEIDYAOE e IER SBHUEL BRISCTBR of 't he
dri | iLnder . 2 | t desi int. Inth
above- rineah e fbessS 4POR e 2GRS BT, 02 8" BX TS di Sposed so that

the ratio PfThE%u%sggag disBReE4Y tremttheinh grier VAl dﬁ%@meumﬁ)@dhaem 16ane 16A
in the peripheral irection is less than 1.0. Tn addition, each vane 16A

i s di spaiedg S dosse of passirgt thmugh thehaned Birgtand s stmvimin FlGo? arfde Bewiser of
the inpeller 12 to the front edge of the vane 16A to the ouigr radi us of

t he i npebinesd sugh that thediav isgBried 1n tgolirestionceftbe Winkheaniar ave begRdithe gi sposed
so that the tiog.of the chqord l.engt.h to the interval w jacent
vane 16B2Pf {@heq'a&‘?oﬁﬁ%ﬁs’eﬂn%m[? 8&?1‘ fi PIeSYy gjrﬁt%fc?rf’ %U?V%B%eﬁpg ﬁ%@nﬁ?

cent ri fyggh FATRL &?@f?{ th€ BURRE SH ot HB&k-FREMEhedRA& 112D BROMBsc, Hithee 2 APR
2004 8 conversion fromdynam c pressure to static pressure is able to
proceed fa68niehtiBna@a@ntrifigat bamgrgsdry am ehut ofmuekitgpihe Idmpasefeaneht@iigh each

vane group, high diffuser efficienc i s obtained when it pasggs t hr ough
the vanewieed(ipgedsal mhbsipid) ofithsinugebst ef wmsnt e dhere snaivaes thepeps LoP 12 i s
organi zed al.ong the vanes 16 dur.ing.the u f i Hhrough the
vanes 169&9"‘5%’1&‘ eé’ﬁ%ﬁof’?]%r—tﬁﬁcoﬂ%’m g(ﬁo %cnfjﬁ@?/\ﬁ%g‘)?g%sﬁﬁzﬁé éll%(s:tdpt hat the
flowis i LRI gidd ¥ tHé Phe GRAUIEA, drdn shrediilnthet he  vanes
16A. The&o@%ﬁ@%ﬁ?&&#ﬁ?}:lﬁm ynam ¢ rleé;gure tg staﬁfi C pressure proceeds

ef fi ci engdnyersich ftdth Syfidmev prasswens staic plessucuprocateds wificrmtly. weakeni ng in the
vanes 16B. Therefore, in the above-nentioned centrifu a}hecrﬂ(iﬁrggﬁriess r, as a

resul t of meMpygverhié theuintske flow wpliaeolidimpalice &2 (5 Ghe W) of the
nunber O‘Ihev ACSE g]ég'ﬁischaﬂgéffrlor% tﬁé }Arlr?}ye?le} {'farYdalﬂg dit€&ion of the wing center line

on the front edge of the vanes 16A belonging to the vane group A no longer coincide,
thereby making it difficult for the flow to continue and lowering diffuser efficiency.
Therefore, in the above-mentioned centrifugal compressor, the vanes 16A are rotated by a
certain angle to change the inclination of the direction of the wing center line on the front
) edge and allow it to coincide with the direction of flow of the gas discharged from the

impeller 12, thereby maintaining high diffuser efficiency even if the intake flow volume of
the impeller 12 is changed.

If composed such that only the vanes 16A rotate, gaps are formed between the walls
18 of the casing 11 that constitute a portion of the diffuser 14 and the vanes 16A, which in
turn disturb the flow of gas and cause a decrease in diffuser efficiency. Therefore, in the
above centrifugal compressor, the vanes 16A are fixed between the flanges 18a, and made
to rotate as a single unit with flanges 18a. Consequently, the gaps between the walls 18
and vanes 16A are eliminated, thereby preventing decreases in diffuser efficiency.

Although the angle of the vanes 16A relative to the radial direction of the impeller

12 is set to be larger the smaller the intake air volume of the impeller 12 and smaller the
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provided in the vane group B that continues to send the flow of gas to the
outside corresponding to each vane 16A belonging to the vane group A, and
as a result, the conversion fron1dyn3nic pressure to static pressure
proceeds efficiently. However, if the intake flow volunme of the inpeller
12 is changed, the direction of the flow of gas discharged fromthe
inpeller 12 and the direction of the wing center line on the front edge
of the vanes 16A belonging to the vane group A no |onger, cojncjde

t her eby largkithgintakegiif Yalerne of mnmpﬁherfllzorgﬂteonf@lsmlr Mokemenf heoralfg i £ f user

ffici . h f i h - i i f | . , th
Vanes. LEACdvst Bt arctnibothe SEIEAPH GRS SOcHIRE HE PRI CRAE on of the
directi Oauglﬁ%{h{aﬁéw C}Q%c&)[%'et ﬁ%g%rhtﬂ? afd t(% llﬂfg ﬁ&ru?f%cc mgﬁgéc?ﬂgte?ﬂe}éﬂ‘& kdn tO

coi nci d&“W rrection oW 0 e gas disc ged fromthe

i npel | ehedig be@neRY vARE N6 A1 NTR& 1Y€ hn dicfabbeetenaiflipalicenpyesearetheiritia he
intake flow volune of the inpeller 12 is changed. |If conposed such that

only t hef irndsrdiBAgthat desntegabbetareen froradiader oanasdi® A setialbe dess iigndt0st he
casing 11 that constitute a portion of the diffuser 14 33 the.tvgnes 16A,
whi ch i and asg Festlltsthereds o ecqIEAcOP 1 ISElCEAee PRYED B RRSIOE%R "dPF £ user

efficiency, er ef or in the, above, cgntrifugal conpressor, the vanes 16A
are fi xéaglﬁ@}@ﬂewmﬁgﬁw%% %sz(fffﬁ?mglﬁd%r:hde to rotate as a single unit
with flangegs 483ntefLANEEAENHeYdjabbif VARSI 6BSE veRespeh ieiswh buitabl bamdevanes
16A are elimnated, thereby preventing decreases in diffuser efficiency.

Al t houghhiskeuszBgldesta@bardedn tares fb6A Makaforeantle shvse cemiiBIgabfAMETEsSOn of

the inpeller 12 is set to be larger the smaller the iptake air_.volune of
t he i npeh¢ eatioxd chord lgmhn%ﬁhctlmérvzﬁwmaa@awf &%ﬂﬁstlﬁg 1§ ﬁﬁ?é%‘”é‘u”? vol une

of the ismpeller ,1L.f the 1ntake ai ] I inl S
Feduced TR 0 Hhrd 2o Fenl VE ey it AFh g PR debleadin
conpres ffuée?cﬁ?&éﬂé@! | y thought to becone inoperable due to the occurrence
of surge), i1nterferénce can occur between the vanes 16A. Therefore, in
the above ceSihed fhegpdedaxdnipr gesdom theHmpekrild untf enterdniorbe iffuseigihist o t he

i nterval between the adjacent vanes 1$A is set to and

y | t
as a resifeyen tmeediaiely HipT bewgrdischagedfo HE%F‘F@P&H:%%%? &ésn&?ﬁee‘}vg?les 16A
even if érQ%lm%ﬁ‘a‘{' ghﬁ)g frEeh%rY&rk%ﬁs 88 BAE BRSho JaREs IRXRTRIE of Meffect on

improving diffuser efficiency. Therefore, in the above centrifugal compressor, the ratio
of the length from the center of the impeller 12 to the front edges of the vanes 16A
belonging to the vane group A is set to a value from 1.05 to 1.30, and as a result, since the
free vortex gaps where there are no vanes are provided to the inside of the diffuser 14,

i diffuser efficiency is improved.

As has been described above, according to the above centrifugal compressor,
diffuser efficiency can be maintained at a high level while ensuring a wide operating
range.

In the present embodiment, however, although the number of the vanes 16B is
double the number of the vanes 16A, and every other vane 16B is provided corresponding
to the vanes 16A, if improvement of diffuser efficiency is expected, then the number of
the vanes 16B may be three times or four times the pumber of the vanes 16A.

Next, an explanation is provided of a second embodiment of the centrifugal
compressor of the present invention with reference to FIGS. 4 through 7. In this

explanation, those members previously explained in the above-mentioned first



If the interval between the adjacent vanes 16B is too open, it is notZAPRZUM
sui tabl e because this causes a disturbance in the gas flow. Therefore, in

t he above centrifugal conpressor, tH8 ratio of chord |l ength to the

i nterval between the adjacent vanes 16B is set to a value fromO0.5 to

2.0, and as a result, the gas is rectified which in turn prevents

decreases in diffuser efficiency. Since the speed of the gas fromthe
inpeller 12 until enter into the diffuser 14 is wuneven jmedi ately after
bei ng dembbdimgatiare prsicatedbwithpes same raferenepeynelidle @pd thear eXpiBNgLRTES  ar e
mnimal, while free vortex gaps where there are no vanes have nore of an

ef fect 8MUGdproving diffuser efficiency. Therefore, in the above

cent rif ugal 1R &850l ddifes B Bowfin EIRP 4 RAGLRed 1@k ko8 06610 ol he

impeller 12710 E’:;es 0 e vanes 16A nging to the vane

group AjdiSrps&ld HeBvén\dlgiflates 09ibpélad tonckni@iRall pdthaise wane @solpt B albinpce t he
free vortex gaps where there are no vanes are provided to the inside of

t he dif faatlen 8 bé casingi TT thaeconsfifutes iagoutioni of thaiffosesd 4. Adhbaaneserp Bdscri bed
above, according to the above centrjfugal .conpressor, diffuser.e fici ency

can be shiere aimnarthaperaphsrghdirestien while mamgRRE b EngF e AR ange.

In th nmbodi.rent, . h . . foetiBfer 16B
1o doubPesce R AL TRk Aoy AR LT B o pel PR C°

provi degje@idesponding to the vanes 16A, if inprovenment of diffuser
efficiency 1s expected, then the nunber of the vanes 16B may be three
times or fouxs showasn FiG. HeatteringplateHd iy eqappetioxith adsive cdmdeschl 2ayag on i s
provi ded of a second enbodi nent of the i

centrifugal, ressor of .the
present diveshafticopplafl ttha piay iSadhat @ratprdes ‘Q%?lgﬁot e gﬁﬁﬁg gPEBW h{'38 Blaré

expl anatjon, those nenbe eviousi. .2l FtainR8o aROkemREARL | oned
first 2 1&#&‘%&8&? f&%ﬁ%o@?%lﬁt?pgg%i 1¥ﬁ%@3‘?‘§3§%¢{:ﬂ %r%eosarc%e fef erence
symbol s, g;abGod BEE rigg A8 OThd Sng lBletiDatns b ek adpipekiveicybndiodinent, as
shown in FIG 4, the vanes 16B are fixed so as to be

and is made to turn in the peripheral direction while maintaining the arrangement of

individual vanes 16B. Furthermore, the rotating range (angle) of the vanes 16B is

defined by the width of expansion of the drive cylinder 31, and is about +10° based on

design point.

In the centrifugal compressor composed in the manner described above, as shown in
FIG. 6, if the intake flow volume of the impeller 12 is changed from a stable operating
state in which the flow of gas is continued from the vanes 16A to the vanes 16B with little

) loss, the angle of the vanes 16A must be changed. However, if the vanes 16A are rotated,
since not only the positions of the front edges but also the rear edges also change,
correlation with the front edges can no longer be maintained in terms of the flow of gas
continuing to the rear, thereby causing a decrease in diffuser efficiency.

Therefore, in the above centrifugal compressor, by turning the vane group B in the
peripheral direction while maintaining the arrangement of the individual vanes 16B as
shown in FIG. 7, the front edges of the vanes 16B and the rear edges of the vanes 16B can
be correlated under any circumstances, thereby preventing decreases in diffuser efficiency
even if the intake flow volume of the impeller 12 is changed.

As has been described above, according to the above centrifugal compressor,

although there are disadvantages including the structure becoming complex as a result of
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i nterposed between ring plates 19 di sposed concentrically with the v;gn
group B along walls 18 of casing 11 _that constitutes a portion of the

di ffuser 14. The vane group B is abllé to turn in the peri pheral direction
whi | e mai ntaining the arrangenent of the individual vanes 16B by a

turni ng mechani sm 30 which turns the ring plates 19 in the peripheral
direction. As shown in FIG 5, each ring plate 19 is equipped with a drive
cylinder 31 having a dive shaft coupled to a pin 19a that tprotrudes

out si depmividitethe asining machapism I0padepeigy PERBECqUEdiR P%@tﬁa‘% UHPEE shaped |
sl ot 1l1a opened_jn.the casing 11 according,.to t ihe jdection of
the ri nephapsE %@.Slr’ﬂ‘?éher Ay 9P BaT & CPBH“H%d65?“%@%5’%5%5n1§md{°?‘{?3°%§/ Ii?nder 31,
and is 1Oy L UM - per Lahes akindi ' {d] 6 ABbpYrainY d1ged he

o ange IOt L B G+ ange

(angl e) gk Stulgget\ézgggﬁe_wB is defined by the width of expansion of the
drive cylinder 31, and is about 10 based on design point. In the

cent ri f ugal Neetypn esplenatporippswied nfaﬁérdrm@ﬂmﬁéégﬁhﬁd@ﬂ“ﬁb%ﬂ}e, as shown in
FIG 6, if the intake flow volune of _the ing?gélir %2‘}ifso(i§9&%?d froma
stabl e epepmssag! thepiesent BVapHERVEhEeess B F 1% 1 ¥PY8hCiRued from t he
vanes 16A.to. the vanes .16 i i &i6fs1 1aMgedes 16A
nust be 8811?8&‘3&3&.5%8%‘/89%[‘“ |n¥¥0{l%ém\?g%1‘lggmjt.’lé%§§artggr;%?%? g)(lrj, si}tn{:lg) not only

the posiytd QBgaRhE wileht <0t rG6e88& FuiboR| S0l thbie cxglanatiedgas oaliged.change,
correlation with the front edges can no | onger be nuintained i.n terns of
the flow of Igés present embodimenio thehkffuseni 4 istdommensd Rnepsreyricel etsROZTE i n
di ffuser efficiency Therefore, in the abagye ce i fugal .co or, hy
t ur ni ng thise vermerogpoupl BNd K- t HE! V396t ??ﬂieltﬁ a gl 1%tf)leg8{rr§?%nt ai ni ng

the arranderany of i he .| Al ui du MADER QR cR SR bihelil Gnsiierdbhe front

edges of8f e rear ‘edges ‘of the vanes 16B can be

cor r el atgdgngesonditYedivith HiBiravie@sy désbabaiymiprdinents,iang ttenprdabesarien
diffuser efficiency even if the intake flow vol une of the i‘\rrw(}gg)l er 12 is

changed. behmghas thseane gempmokisdnetioves owsdo it voalics thermaglsyslpd fifugal

O o hdrasao! the el o S, SR GRAES ah ok AP0 BEePiE R ©

18 {not shown in FIG. 8).

The vanes 16C are given a suitable angle so as that the orientation of the front edges
coincide with the direction of the flow of gas discharged from the impeller 12 for a certain
intake flow volume, the vanes 16D are given a suitable position and suitable angle relative
to the vanes 16C so that the flow of gas generated behind the vanes 16C is able to
continue with little loss, and the vanes 16E are given a suitable position and suitable angle
relative to the vanes 16D so that the flow of gas generated behind the vanes 16D is able to
continue with little loss.

In addition, every other vane 16D belonging to the vane group D and the vane 16E

 belonging to the vane group E are provided that do not correlate with the vanes 16C, and
the numbers of the vanes 16D and 16E are both double the number of the vanes 16C.

In the above centrifugal compressor, in contrast to the chord-pitch ratio being set to
be small enabling a wide operating range from surge to choke, high diffuser efficiency 1s
unable to be obtained. However, in the above centrifugal compressor, since the
conversion from dynamic pressure to static pressure proceeds whenever gas discharged

from the impeller 12 passes through each vane group C, D and E, high diffuser efficiency
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provi di ng the turning mechani sm 30 and energy being required to operate
the turning mechanism 30, since the flow of gas can be continued fromthe
vanes 16A to vanes 16B with little '@ss, diffuser efficiency can be

mai ntai ned at a high level in all operating states fromsurge to choke.
Next, an explanation is provided of a third enbodi nrent of the centrifugal
conpressor of the present invention with reference to FIG 8. Simlar to
the two enbodi nents previously nentioned, those nenbers that have been

pr evi ousloptatixe @hiiehainsaising moiidaopdatiigtran geheheathe gasafasses treugly sol s, and
their explanations are omtted. In the present enbodinent, the diffuser 14
i s compvae®oyp Eoncentrically disposing three vane groups C, D and E. Al

16C, 16D and 16E bel ongi ng E
U Sposed subhHRAD. TR ARpar Rebe PP e i d RS G700

smal | er \AS; COMPA AWl dups FRaR S\HaPUshitudlasehnl rAlebogismerierd and the
more t hB Vane belongg tg the vane group positioned to the outside, the
smal | er cgh@pandhe td Blkandiv@utloahéel 6 domgingliortbe vamsrgrafp €hdeichpel er. In
addition, all of the vanes are fixed between the walls 18 (not shown in
FI G 8) profieinganifisicntGOnyersiogiof dynamis presyise & Yyl IC¥8 Cas t hat t he
orientation of the front edges, coincide wth the dj i : 41 ow of
gas di schar élé’d”BF’Fbﬁ{t}E"?’rkg&‘ieﬂggPﬁstgF aoyesegioodiment %"’}@r? ra{l%?%;ﬂ%‘e%}agl\%\;l%ﬂ;ﬁune, t he
vanes 16Qcare gl ven syl I {HRrifRg: il hRBILE cangbsdrselaatd be  to

t he vanggkfgtpggmyﬁéﬁﬂfﬁg}?Pgﬁi@?§%%s génerétegabehind ?he vanes 16C is
abl e t o GRAEdIWEN Phdrldr hidré Vénel @6ups sansltd deryvwan ée béErsios fignvéynamisui t abl e

positioﬁ and suitable angle relative to the vanes 16D so t hat thﬁ fl ow of
gas generated tethtingdrashae vuerasore 6Bgess AbIhds ease, ibgesvheulY e PatPe | oss.

I n addition, every her, vane 16D hel onging to . th D and the
vane 16833%511%11@?}}%’?‘95 Be f‘ﬁ%os\?gﬁ%g’@f'@ﬁﬂ“cﬁgﬁf" nep?%%/ri‘ ééég'? %%%rgglpnot correl ate
with the va HBemBNIRRE 00 el iR @R TadifRiRBGAEE are both
doubl e ﬁﬁ%ﬁﬁﬁﬁ%égggPﬁgﬁg’vangg 16C. Iég?%e above centrifugal conpressor,

i n cont rgatinigRlikme chord-pitch ratio being set to be snmall enabling a

w de operating range fromsurge to choke, high diffuser efficiency is
unabl e to be obtained. However, in the above centrifugal conpressor, since
the conversion fromdynam c pressure to static pressure proceeds whenever
gas di scharged



fromthe inpeller 12 passes through each vane group C, D and E, hi gh2 APR 2004
di ffuser efficiency 2 APR 2004 12 is tained while maintaining a w de
operating range when the gas passes thirough the vane group E. In
~addition, in the above centrifugal conpressor, the vanes 16D and 16E are
provided in the vane groups D and E that continue to send the flow of gas
out war Wha#£ &4 ¢lgisfdnsti ng to the individual vanes 16C belonging to the vane
group C, thereby pronoting efficient conversion of dynam c pressure to

static,pr g%g&;i&ggggq;ﬁ%,ﬁgsg{ ﬁé&iﬁgggpﬁg@mw&ﬁ i v%@&%&uﬁ&%&ﬂgﬁa&} nd1RS

provi ded ‘an éex user equi pped wth 2 or vane groups,
the diffuser may al so_be conposed so as <it!o be rovided with foup or nore
vane gf@tipRedswitha piusality of yapg groppecopyhiives of 'E‘)Hlufeﬂﬁﬁoﬁ‘mﬁm,sposﬁpé% reto
static pressure over nore stages. In this case, it goes w thout saying

t hat t peripheaal@igtiorps! sshioimpdlleresodissp bs eehcsotricishoutithecenteredf anasi@f bel ongs
to a vane group positioned to the outside, the snmaller the angle rel ative

to the siaghabsdid 116 wHerepti d i npeller. 2 APR 2004 13 What is clainmed is
1. A centrifugal conpressor having a diffuser which is provided around an

[ |1 ' ' d . with I | i : ' f
ol tral 1y ofheaattiBltaeutier o frdet BrbhkoRlipt ol SRS TRERRIRFRE) | C,

so as to be concentric about the center of an axis of rotation of said
i npel | englewietied to théyeadind disetivn of 408 IHPEHGEd 0 t he vane group positi oned
to the outside, the smaller the angle relative to the radial direction of

sai d i npel | gf leagke dnek QQIShgthI&) \heRase peupagihegositon heareanesaid oupellat arehe
position nearest to said inpeller are able to rotate individually by

bei j al | . i : Y
oL, TR RS L A BBl ey

vanes in_the peripheral
and wherein

the ratio of the chord length to the interval between adjacent vanes in the peripheral
direction of said rotatable vanes is less than 1.0.
2. The centrifugal compressor according to claim 1 wherein, in any vane group excluding
the vane group at a position nearest said impeller, the number of vanes be-longing to said vane
group is an integral multiple of the number of vanes belonging to the other vane group adjacent
on the inside to said vane group.
3. The centrifugal compressor according to claim 1 wherein, said rotatable vanes stand on
flanges independent from the walls that form a portion of said diffuser separated in the
direction of said axis of rotation with said vanes interposed between, and rotate with said
flanges.
4. The centrifugal compressor according to claim 2 wherein, said rotatable vanes stand on
flanges independent from the walls that form a portion of said diffuser separated in the
direction of said axis of rotation with said vanes interposed between, and rotate with said

flanges.




direction of said rotatable vanes is less than 1.0. 2. The centrifugdl APR 2004
conpressor according to claiml V\/nerei]g, in any vane group excluding the
vane group at a position nearest said I'npeller, the nunber of vanes
be-longing to said vane group is an integral multiple of the nunber of
vanes bel onging to the other vane group adjacent on the inside to said
vane group. The cEReifGRNEShprésidl aERRBAE HSOsiNAT Ghefbin) Ghd vane|gpdup alljadesran n,
said rotatable vanes stand on flanges independent fromthe walls that
forma porti.qgn, of .sai Lffuser t i . brecti QR aaf Lo axi s
of ot AR p ireidfitots setS T a SRR el bRl hbibh AN R SRR
flanges. 4. The centrifugal conpressor according to claim2 wherein, said
r ot at atthearvengewesftafibe @dividuahk@es i ndependent fromthe walls that forma
portion of said diffuser separated in the direction of said axis of
rotati gn W tThesehtdifiyga esmpressor paseding et cleien? wheckin, cheavane\graup sacgnt on
flanges. 2 APR 2004 14 5. The centrifugal conpressor according to claiml
wher e he S8y BN PRHRIBILASSOLLIOD i st e BRcrPaif@iit Wi k@R Anivignes
is able to turn in sai peri pheral directio ile maintaining the
arrangenment of the tjélqdj Vi d aﬁ vanes. 6. The centrifugal conpressor

accor dittaranegemsptAfahemdpasyrl Ve vane group adj acent on the outside to
said rotatable vanes is able to turn in said peripheral direction

whi | emdi. nt aiThiengntrifigal eompregeoreerordifiig tchadaim wbierhira the, ¥anegroup, adpgrgnt on
centrifugal conpressor according to claim3 wherein, the vane group

adj acenfe Qtsidt BEsHYtcthtdle Vanssad sble @ @bl Ridsetigherab diddvtion twhillewidintainisgi d
peri pheral direction while nmaintaining the arrangenent of the individual

vanes. 8. The centrifugal .compressor according to claim4 wherein, the
vane grtgﬁﬂ'r%e’ﬁ‘gﬁtantﬁ%g‘%{vﬁéuagg?nse?'de to said rotatable vanes is able to
turn in said peripheral direction while naintainin the arr an(ﬂemegt of
the i ndi vi d(de opatmidagal gompyessos apROFFing ﬁh?la%ﬁﬁ&'ééf% G EPIRPVE RN of
claims | to 8 wherein the ratio of the chord length to the interval
bet weenhagijtsidend saidirastabla vhins ipable phiermin wid peripheral diredtieo ydhileanagtaining
the arrangement of the individual vanes.
9. The centrifugal compressor according to any of claims 1 to 8 wherein the ratio of the
chord length to the interval between adjacent vanes in the peripheral direction of those vanes
belonging to the vane group adjacent on the outside to said rotatable vanes is from 0.5 to 2.0.
10.  The centrifugal compressor according to any of claims 1 to 8 wherein the ratio of the
length from the center of said impeller to the front edge of a vane belonging to the, vane group
at a position nearest said impeller toward the outer radius of said impeller is from 1.05 to 1.30.
11.  The centrifugal compressor according to claim 9 wherein the ratio of the length from

the center of said impeller to the front edge of a vane belonging to the vane group at 2 position

nearest said impeller toward the outer radius of said impeller is from 1.05 to 1.30.
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vanes is from0.5 to 2.0. 10. The ceritrifugal conpressor according to any
of claims | to 8 wherein the ratio of the |l ength fromthe center of said
inpeller to the front edge of a vane belonging to the, vane group at a
position nearest said inpeller toward the outer radius of said inpeller is
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vane groups conprised of a plurality of vanes disposed in the peripheral
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fromthe center of said inpeller to the front edge of a vane belonging to
the, vam@ group at a position nearest said inpeller toward the outer
radius of said inpeller is from1.05 to 1.30. 13. The centrifugal

conpr egisr  akcridiofithd length diom the cediter eff sajd impeHentovbmbonfradgp obg¥iigdi ng  t he
vane group at a position nearest said inpeller, the nunber of vanes
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13. The centrifugal compressor according to claim 12 wherein, in any vane group excluding
the vane group at a position nearest said impeller, the number of vanes be-longing to said vane

group is an integral multiple of the number of vanes belonging to the other vane group adjacent

on the inside to said vane group.



