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Specification CENTRIFUGAL FAN Technical Field The present invention
relates to a centrifugal fan, and more particularly relates to 5 a centrifugal
fan that takes in a gas from a rotational axis direction, and blows out the
gas in a direction that intersects the rotational axis. Background Art
Centrifugal fans are used for ventilation in air cleaners, air conditioners,
and the like. FIG. 1 and FIG. 2 depict one conventional example of a
centrifugal fan called a 10 multég ‘i'ﬁ* !ﬁ!&- Further, FIG. 1 depicts a side
view (specifically, a cross sectional view paken along A-Ain FIG. 2) of a
conventional example of a QEMTREASGAL, BAN FIG. 2 depicts a plan view

Tech of a conventional example of a multi blade fan. A multi blade fan 10
echniggl{dfkks an impeller 13, a housing 11 that houses the impeller 13, a

Maopibdar [alatinaihe inrelles Banaifdghefike ahurthere theritoisdoriates to
15 FIG. 1 and FIG. 2 is the rotational axis line of the impeller 13 and the

a centrifggst fan HabtakerdnengRob Al viahexissishiPaorridtie out the
gas in@&ﬂ@&%lﬂ%@‘?ﬁ@%e@@ {lhdsirpdaddni Bl 2) of the impeller 13 are fixed

to the outer circumferential edge of a discoidal main plate 31, and the
Backgnthiedeit! of each of these blades 33 are connected by an annular side

p&%&%@-@%ﬁs HRUsing 1 iée%ﬁ%%h%ﬁ%?g@%&%%%M&%?Q, nd the

from a pfan perspective, and comprises an opening 11a and a gas outlet
like. FIGb1 ArleliBditepRiae angedrsivtiaaeitaopie ofreapdningal {za obitkd a

. housing 11, and inlet 12a js formed therein for.quiding the inlet gas to .
mult e T B I R U P T TS e o oW
taken 3toRbtAsAImMPaterl 3f Bheohelnnonh SaidroviRrisestcbtadedd marhd 20G. 2

that extends on inner circumferential edge of the inlet 12a toward the

depicteripelR 1WAk LU EepaHCISERIFER BUNRIRL RIS the opening
14 708 shasiehciruptaipntiabside afitbe curyabparid 29 iRdhediasialine

direction and that extends in a direction that intersects a rotational axis

impelkind 8-@.mates iufeblatéingringoimrederated adhiniahBuHBeST e, aEn0-O In
FIG. z”é%é“%‘?&!"z’ﬁé%e rotational axis line of the impeller 13 and the motor 14.

One end of each of numerous blades 33 {only some of the numerous blades 33
are illustrated in FIG. 2) of the impelier 13 are fixed to the outer circumferential edge of a
discoidal main plate 31, and the other end of each of these blades 33 are connected by
an annular side plate 32.

The housing 11 is a scroll shaped box body when viewed from a plan perspeciive,
and comprises an opening 11a and a gas outlet 11b.

A bell mouth 12 is arranged so that it covers the opening 11a of the housing 11,
and an iniet 12a is formed therein for guiding the inlet gas to the impelier 13. The inlet
12a is arranged so that it opposes the side plate 32 of the impeller 13. The bell mouth
12 comprises a curved part 12b that extends on inner circumferential edge of the inlet
12a toward the impeller 13 side, and a flat part 12c formed so that it covers the opening
11a on an outer circumferential side of the curved part 12b in the radial direction and
that extends in a direction that intersects a rotational axis line O-O.

if the multi blade fan 10 is operated by driving the motor 14, then the impelier 13

-1-



10

15

20

25

- | rotates oriented in the rotational direction R in FIG. 2 with respect to

the housing 11. Thereby, all of the blades 33 of the impeller 13 raise the

pressure of and blow out the gas from the space on the inner

circumferential side to the space.on.the outer circumferential side, take

gas from the inlet 12a into the space on the inner 5 circumferential side of

the impeller 13, and collect and blow out to the outlet 11 b the gas that
rotatevasipleteth inuhtortietionterdieiodeReintiiCsi denithesisapelie tishbugimen 1.

ord?, shown by the arrow W depicted in FIG. 1 and FIG. 2, the multi

Therqhyaiah 46 b

RAED AR P TARBITIREIY forripe RRRISHaHERI RS Glow out the

gas fEifgeHa paskRIAwsOHheasframtiepidialqtLe 10 Batentdiasumemd: 1
Japanese Published Patent Application No. H09-209994 Disclosure of

Circum@mtﬁiﬁqd@m%ﬁﬁem gdaledd A intpiirerRRom theiRitsithe gas
circutRrRENY|SI RO 0% k%f%ﬁéﬁ@%?@sﬁ%ﬂé%ﬁ%s&&W%%?oatﬂg gtﬂ%?r?ﬁiﬁwe gas
ce. The 15 foll n the

in ventilation performa owling are types of turbulence i
that vilesvbddwaoin théheiciniyr ofrtharifdesntza sidy Dhtbalenpelierthd. flowtobégasrds, as

flowing i he.inlet 1 | bel I fl L
sron ISR SRS B B b BEB 0 e

takesfiovg 26f fgers takenthiton dhexstarecDodniiesentalfidepfwseiogsNGORE outlet
the flat part 12c of 20 the bell mouth 12 into the inlet 12a (wall surface
1D fiow X) breaks away in the vicinity of the curved part 12b and no longer

Pateffavsisiglengithe bell mouth 12. (2) Turbulence in a turning flow in the

vicinity of the side plate 32 of the impeller 13 As shown by the arrow Yin

FHaPRngse MuRlishad Bajentraeirainndln; iReqAE945 impeller 13, a

DisclBQﬁP@%ﬂ%@ﬁﬁ@ﬁti@‘?‘t flows inside the housing 11 is blown out to the
outer circumtference of the impeller 13 in the vicinity of the side plate 32,

aridl $sichemn monttdlageai fetakOn tirdmi¢hesioitlity Bibtheflibé gesuih th2 ofcihiy of the

eller 13 into the inner circumferential side of the i ller 13
it g

inlet CaUsSES an jperéase.in noise an =T
urblﬁence in {He ‘ﬁow iS'generate ARG Ven on performance. The

following are types of turbulence in the flow of gas in the vicinity of the inlet 12a.

(1) Turbulence in the flow of gas flowing into the inlet 12a along the bell mouth
{wali surface flow)

As shown by the arrow X in FIG. 1, turbulence in the flow is generated if the flow
of gas taken from the outer circumferential side of the housing along the flat part 12¢ of
the bell mouth 12 into the inlet 12a (wall surface flow X} breaks away in the vicinity of
the curved part 12b and no longer travels along the bell mouth 12.

(2) Turbulence in a turning flow in the vicinity of the side plate 32 of the impeller
13

As shown by the arrow Y in FIG. 1, a turning fiow is generated wherein, inside the
impeller 13, a portion of the gas that flows inside the housing 11 is blown out to the
outer circumference of the impeller 13 in the vicinity of the side plate 32, and is then
once again taken from the vicinity of the bell mouth 12 of the impeller 13 into the inner
circumferential side of the impeller 13. Turbulence in the flow is generated if this turning

flow does not flow smoothly toward the inner circumferential side of the impeller 13.
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flow does not flow smoothly toward the inner circumferential side of the
impeller 13. -2 (3) Turbulence due to the merging of the wall surface flow

X and a turning flow Y The wall surface flow X and the turning flow Y

merge inside the impeller 13, but turbulence in the flow is generated at

this time by the merging. Furthermore, if turbulence in the flow is

generated in the wall surface flow X and the turning flow Y, then 5
tu(Bulanbelentedii@tothemmesggig @ isiarewmdrs (dpde flueXemdaetoning flow Y

ing of the wal flow X and t in flow (arrow W) |
O EaN S AN AR A AT TP TR et TSR 13, but
turbuilveeahthe Wall 58 daneriievd 4tsrae naralby eHb aangaldorhedineetdaw of

the main flow 10 (refer to arrow W) that flows from the rotational axis
turbuigncaibhthadiomeisraenesatesia thapvadmestremBared anddhsdyiEnaylow Y, then

turb RSN et ISR WRNALsUR{RGS Brmuemerges into the main flow W.

Incidentally, there is a demand for reduced noise and enhanced
peffbivdatdenseitiumidinhtadingooktbe evbihsairfateaiiens Xaan ddhditiminfiow (arrow
) and the like. In addition, the 15 increased noise and reduced ventilation
performance caused by turbulence in the flow in the vicinity of the inlet, as
deéncibesiabose gt timitedt takeslintladecians cbadis dMaatish WHB line of flow

centrifugal fans, including radjal fans, turbo fans, and the like. It is an
of the, Bl sHl e g RES (S RIS BEHARAL o P AR e dBR B n flow
(refelPi@ WerSipIV Rl eRGRs I dhe thawdminMiciily e inigto 2ReTARE 122 and

centrifugal fan according to the first invention is a centrifugal fan that takes
turbujgnga diviti lovsiaranseauanivaesoaraied BI6RR the wak sufasallaveimerges
into e IE &GSy the rotational axis, comprising an impeller and a bell

mouth. The impeller rotates about the rotational axis. The bell mouth has

arlninldeaiaty ghdredstizad dtroppd ses reduirageiise and anbaesse dedotiimtce

with SRS AEGERRCSLAg9RIMe ALessue spage sloundne gL s facing e,

impeller side, and that gui é ifllét gas e impe
increaesttifuisd tavd eedegative pietnesrfacais feromddy pravidingrke in the flow

in theSTESTE PR Arpynd the nlet of the bel mout. and the T, 0T g2s 2t i
shared with centrifugal fans, including radial fans, turbo fans, and the like.

it is an object of the present invention fo provide a centrifugal fan capable of
preventing turbulence in t.he flow in the vicinity of the inlet.

The centrifugal fan according to the first invention is a centrifugal fan that takes in
gas from a rotational axis direction and blows the gas out in a direction that intersects
the rotational axis, comprising an impeller and a bell mouth. The impeller rotates about
the rotational axis. The bell mouth has an inlet arranged so that it opposes the impeller,
and a recessed part that forms a recessed negative pressure space around the inlet
facing the impeller side, and that guides the inlet gas to the impeller.

In this centrifugal fan, a negative pressure space is formed by providing a
recessed part around the inlet of the bell mouth, and the flow of gas that flows into the

inlet along the bell mouth (the wall surface flow) is drawn info this space when it passes

through the vicinity of the recessed part; as a result, the wall surface flow flows along
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inlet along the bell mouth (the wall surface flow) is drawn into this space
when it passes through the vicinity of the recessed part; as a result, the
wall surface flow flows along -3 the bell mouth without breaking away.
Thereby, turbulence in the flow in the vicinity of the inlet can be reduced,
enabling a reduction in noise and an improvement in the ventilation
performance. The centrifugal fan according to the second invention is the

the beantidugalipub reeRifingvieiTeHisiinvertornvd erefetheviell toViinity of
_has a flat part and a curved part. The flat part extends on the outer
the inlFLERMFER M eTRRENBA840G AT e AdR R RilBRTBKamant in the
venti@fﬁﬁt%}m&'ﬂtﬂ?ecw the rotational axis. The curved part extends on the
inner circumferential side of the recessed part in the radial direction
toWagdapeliiivigel darsigecartingrins the preoThdényeniitnofshtheecessditigal fan
that is 1 ' I ide.is. positi n the
acco o e o RR RO A A TS i Scurved part
The flatesstextemtsaod theositomddantre nigadide sl ¢hef mossswetag in the radial

. ortion between the curved part and the recessed part. In this centrifuga
direo3h i FERAR D ITAL RS0t I R Ga ol AR HAVAT AL Rt on the
innerstiie imnpasivpaaskeN B dmBedes side=pf erroRNRali BTG RRRIERR impeller

15 the flat part and the recessed part, and is positioned on the impeller

side, 39d &p1iRe tsniteing paatirBetihiberaseteRdRrPdhala thestc@sessgd on the
impelarsRANSgshSiNe ANSh RRIFIR P SRIL L PRACSH NSRS %Fﬁ@r%%‘f\ﬁ%ﬁ the flat

of the recessed part can reliably be set to a negative préssure state. The
part gagtrinfyateessastaiihgaecthe hositiavedtion ithehdnepaligfugisleasl 20 connecting

port g SRIG e, R6CAA NYARIRD WASIEIA g ato of a length from the

center or the rotational axis to the connecting portion between the flat part
arid this receseghigfart, with pretipactitthanangssaddias tfdba impslecéssed on

~a lepgth ratio, is greater than or equal to .0.8 and less than 1.4. F
the 3R EIp (e 9BURBRRL A HEAMBRUR P € L f5 108 PorBotmbmtveer

the fllipatbdAglinkdistaasedpancandhe pecrrarstina tRathibeliBlalinobidie

small and, consequently, the wall surface flow would unfortunately arrive
conngeting p@éﬁx%ﬁﬁ@een the curved part and the recessed part; consequently, the
negative pressure space formed by the provision of the recessed part can reliably be set
to a negative pressure state.

The centrifugal fan according to the third invention is the centrifugal fan
according to the second invention, wherein the ratio of a length from the center of the
rotational axis to the connecting portion between the flat part and the recessed part with
respect to an outer radius of the impeller, i.e., a length ratio, is greater than or equal to
0.8 and less than 1.4.

For example, if the abovementioned length ratio is set to less than 0.8, then the
radial distance between the recessed part and the inlet would be small and,
consequently, the wall surface flow would unfortunately arrive at the inlet before
sufficiently obtaining the function of suppressing the breaking away of the wall surface

flow by the recessed part. However, if the abovementioned length ratio is set to greater

than 1.4, the radial distance between the recessed part and the inlet would be large and,
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sufficiently obtaining the function of suppressing the breaking away of the

wall surface flow by the recessed part. However, if the abovementioned

length ratio is set to greater than 1.4, the radial distance between the

recessed part and the inlet would be large and, -4 consequently, the wall

surface flow whose breaking away was once suppressed would

unfortunately arrive at the inlet in a state wherein it once again began to
consdyjeaktBwag walsuifatisioanitiogaliesmidnpagiag whe wresseshpested abuld

appropriate radial position according to the size of the outer diameter of
“”f°%%%%%eﬁréﬁ"@r%t§l‘é’s’fr#%tfﬁrﬂ:ﬁ&ﬂe Siedl fBceadaie ireakily s Yy

thenyallisuriacHewLaderto ther o i%%&é%ﬁ%%ﬁ%@t%ﬂé&p’?@r)riate radial

accomplished as an advantageous effect of reliably reducing turbulence

posiﬁﬁﬂtﬁéqwma_tﬁé_f\ﬁcﬁiﬁg/@ftt_weqﬁt@tdm@%@ﬁ;ﬁmwmﬁ&%&@?@@h@&dhﬁéunction
that sﬁﬁﬁﬁ?@é@e‘é& 'ﬁtﬂ%ééa‘ﬁ@g%%g’&aﬂhféﬂv@%&@% BUNGRSEA FRVAANAR OF the
the n angle forme

third invention, wheérein in the 10 connecting portion
recesbetiveas hbdlatpam plish theareapsebtptagdyus pfiew idmelabiyrebacide

pposite the impeller by virtually, extending the flat part to the inner
turbul%?ggrrzl g%en [Ig_ gfdﬁ‘%r‘?lbcgﬁtt SOL?I{ a%emé{%‘ending from the portion of the
reves ses PRIy saisdoesidireresses fontharimpeiter sidestedheitganeaing
portion between the flat part and the  recessed part is greater than 600
accorgﬁwI&%éﬁ%’@l‘ﬁ‘f@&{'@?a%m@,tﬁ%ﬁ’é%\?@%‘ﬁﬁéﬁéﬂ ahgRols &¥ed in the

connd@BRdhsoHRth Randba tRELESUFRACANS PRl IOCRBLETSSIPEPUSYaWRSH RS on the

wall surface flow flows from the flat part to the recessed part, making it

side oppRsiletd simpelefientyathe axietbnoihe b rassing isd heakiisgmierential
. f | f if ' gle
side AN SHF0E éﬁ%@gﬁfﬁ % ﬂ%"f?&’@?é 35&898}5%5&8?%% t 15 %

set to greater than en it only ad that € most
recespart 20 ttentriipeteaside dative pressotangpactipanehececdsatiiat part and the

contribution to the jmprayement of the fupgction of suppressing of the
reCeSsreh ﬁ% 13\%%3 ?rtﬁg)@v% saﬂgtckésﬁogpv?f‘ngaﬁddition, dye cutting is difficult

whenesushmed) éfltenaboisfesrtrth&omnigsin sectéhedkeaha®, ihéhishe
centrifugal fan, setting the angle between the flat part and the surface

pressyrgdendmgatdmay RaepBiciPinehstiewphaudass Appripwadiom the flat
part 189 IRfc 2 ENSR ERAkla hefvoction iRhRYBRIRSSRE,ReRRIRY Gway

of the wall surface flow
suppressing the breaking away of the wall surface flow. However, if the abovementioned
angle is set to greater than 90°, then it only adds space that does not for the most part
contribute as negative pressure space, and reduces the contribution to the improvement
of the function of suppressing of the breaking away of the wall surface flow; in addition,
dye cutting is difficult when such a beli mouth is formed from resin, and the like.

Thus, in this centrifugal fan, setting the angle between the flat part and the
surface proceeding from the flat part to the recessed part to an appropriate angular
range enables the function that suppresses the breaking away of the wall surface flow
due to the formation of the recessed part, achieving an advantageous effect of reliably
reducing turbulence in the flow in the vicinity of the inlet.

The centrifugal fan according to the fifth invention is the centrifugal fan according

fo any one invention of the second invention through the fourth invention, wherein the
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due to the formation of the recessed part, achieving an advantageous
effect of reliably reducing turbulence in the flow in the vicinity of the inlet.
The centrifugal fan according to the fifth invention is the centrifugal fan -
according to any one invention of the second invention through the fourth
invention, wherein the -5 plane formed on the side opposite the impeller
by virtually linking the connecting portion between the flat part and the

plane'REARSEEDEE Will hispeanaestng pontebeimesry IhkisywektBAH2 -y portion

the recessed part is substantially orthogonal to the rotational axis. In this

betweeihthfLtl Par, 3R HigfesesarstirantivElside sppoertina@atisalbeiwesn the
ol Lok - . ‘
e ek e S B IO T R g
tHe teisceairid fpgal imButiantagfoonadguntilasithe opraiealhexis; ety
. ft as is not.disturhed when it passes . through the vicinity of the, .
vt R R e T R R RSl R wie
the coemtfingadetioactOuemsit dickinamgd perinveh tion et sdgentidwersiantially

.. _throygh the fifth inventign, wherein_ the he]l mouth further has a plurality of
orthog R T NS R El R AL G G IGE G B SRR S basses
througiRthangciRry ecassespaseanshaligned spaced apart in the

circumferential direction of the inlet, and that protrude outward on the

inlpeIeeniiifegs! fne aerrreimip briskibdrvestiandsdie earjafuanidanes
recEtef?Fﬁ%%ﬁ%ﬂ?@va%MBﬂfB? freNHiRY Rl @B ERIY mgtfmi'g%/r?gﬁén‘?‘(ﬁherein

ormed in the connecting portion between the curved part an
the bedcasstiufpeahesfiie delunmbtytief psotud he paowastas@edsiol¢hef therfemting
f the recessed part. In sp daing. after the wall surface flow, passe .
e e e A e oS Eoel 3 apart in the
circurpfetendinigliputisnasfdibemetmaimdny dtopvstasie alongrihecuigathpaier side of
between thergl)rotéudiné:) %ags. 20 Furthermore, because the line of flow of
the CORRAADSRITHOR L BYRG IHEH PO RARPF A1 ﬁlﬁaé?ﬁﬁﬁéﬁg B8itcides with
the ting eéfAevughtrenmain dlanyibmeaasisTaatRy AvhidhRe RO nnecting

without producing any turbulence. However, the gas that flows along the

portiod pebugsa thacrgeedRATRD TR IRAPTREE PRI ahahegathtia newie
downSlRHREIPET TSP BF ettt Qs ip4p Ui WRoHE e e R4l AR e flow

the gas that flows along
passes through the vicinity of the recessed part, a portion flows along the protruding

porti

parts, and the remaining flows as is along the curved part between the protruding parts.
Furthermore, because the line of flow of the gas that flows along the protruding parts
substantially coincides with the line of flow of the main flow, it merges smoothly with the
main flow without producing any turbulence. However, the gas that flows along the
curved part merges with the main flow that merged with the gas that flows along the
protruding parts, and flows into the inlet. Herein, the flow rate of the gas that flows along
the curved part is less than the case wherein the protruding parts are not formed,
consequently mitigating turbulence in the flow due to the merging with the main flow.
Thereby, turbulence in the flow in the vicinity of the inlet is further reduced,
enabling a reduction in noise and an improvement in the ventilation performance.

The centrifugal fan according to the seventh invention is the centrifugal fan
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25 the curved part is less than the case wherein the protruding parts are
not formed, consequently mitigating turbulence in the flow due to the
merging with the main flow. Thereby, turbulence in the flow in the vicinity
of the inlet is further reduced, enabling a reduction in noise and an
improvement in the ventilation performance. The centrifugal fan according
to the seventh invention is the centrifugal fan -6 according to the sixth

accoidirgntithendietieinvepichowbétbia protitidn@DaEoaUEINY efs MRSIPBtrude
the @{de opposite the impeller is positioned more on the side opposite the

most oih KR SWRARPESHALREAT PRIGDIS Pofliciethiats pafNsRideopepaiadhe
impeRéfthiihtBisGaniBitgrbitfoNRASHANTRS HaR PERUAHANEP AL LRk yairude

most on the 5 side opposite the impeller are positioned more on the side
oppdBiteceidnifipaliianhtiethertonnééir §ipbitdndbearsshahprttiupamantion the
id Jopelier; 1] face flow c nsequently be
S e B it B A AR TRl
the ctotesteighhrimue heébmeds thbecBaitpfut abfhthetopeadiey sodayportisn of the wall

invention of the first invention thraugh the seventh invention, 10 wherein
surfaf e e TR IR G PR Bre RO S Rt s

ceTitefogalrfagalfanenesseathgasttissasightarinienms i seHdabitariRungds

the inlet, consequently enabling the achievement of the advantageous

aCCOiRg (P ARY QNREVERUR AbilsiEngIMentian ot i ssarantumyestio
wher&iAmhiR:ea8se dGhay e rRRES Qi italo s redirin@ ddrdsnee in the

flow in the vicinity of the inlet 15 and enabling a reduction in noise and an

inipr%%ﬁﬁmfifﬁgﬁ_bfaentnatr@ﬁ@ﬁdmaah@ea.nmh@r_@emﬂmfgbstamt‘tt@mm@nds
the i&%it,hé‘o .@ngﬁﬁ?%ﬁﬁiﬁiﬁg QHH M@Ht 3%%(138gatrqégé]%ﬁ%gee%vﬁ%ﬁg
ion throug r

of the first inventio the eighth invention, whereiri the impeélle
causeagasraifoplateng fherhbt) obblhde shamdbs afarddtaidegpaties ditee

. main plate yotates abgut the rotational axis. The blages are annularly ,
o R S R e e AT Rerd ok B o B e g g he nlt
and @pbisite- hedntgioarh ernke tvechioithgrovaimete: thBesilBalloerformance.

cqnnects with the end parts on the inléet side of the plurality of blades. The

surfscPERiHE At el ATSRBINehdArtPeI &VRiBe AWM YOS A fRacRisfigal fan
accoRIPRO {Heapifedpiaienvention of the first invention through the eighth invention,

wherein the impeller has a main plate, a plurality of blades, and an annular side plate.
The main plate rotates about the rotational axis. The blades are annularly arranged
about the rotational axis, and end parts thereof on the side opposite the inlet are each
fixed to the main plate. The side plate connects with the end parts bn the inlet side of
the plurality of blades. The surface of the recessed part on the impeller side has a
shape that follows along the side plate.

In this centrifugal fan, the surface of the recessed part on the impeller side has a
shape that follows along the side plate, consequently reducing turbulence in the wall
surface flow, reducing turbulence in the turning flow in the vicinity of the side plate, and
enabling a reduction in the noise caused by turbulence in the turning flow.

The centrifugal fan according to the tenth invention is the centrifugal fan

according to the ninth invention, wherein the end part of the curved part on the impeller
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In this centrifugal fan, the surface of the recessed part on the impeller side
has a 25 shape that follows along the side plate, consequently reducing
turbulence in the wall surface flow, reducing turbulence in the turning flow
in the vicinity of the side plate, and enabling a reduction in the noise
caused by turbulence in the turning flow. The centrifugal fan according to
the tenth invention is the centrifugal fan according to the ninth invention,

side WhergigdieaneraRaf dheupnehnartior RaHRRKEN difctien S ARa IR bart of
on the inner circumferential side in the radial direction of the end part of

the sigre Rigle pratBeoli iBleififetaidds ARROGH aRdaldb aMar arsviriaps wafienal axis
dErecﬁ%WH%@h@)ﬂértdéﬁﬂEOQ&Qgp%@ HRthefh& sige plate on the inlet side. In

this centrifugal fan, the end part of the curved part on the impeller side
andl e cerifitlpatifan thesind priteod thiheurietae are therimgetiessitmand the
rl osition. on. the jnner circumferential sige of the side -
end B R e e SIS L B SR s positon
on theuimmieg dlomnmferget mnsidthlyf, theadide pmfeithéte eadisliaveittionjsonEaguently,
th C@ntl’i%,l al [gan acc din&go_ thefeleventh inventich is the centrifugal fan 10
e WRIL SRS P h D RIS SPATEHES FOSRIGH FREEURGAd SRt eduction
in noigwention, further provided with a scroll shaped housing having an
opening formed so that it opposes the impeller, and an outlet formed on

thEGLtePEifeaRh @R ARSPEIHRY i alavsndainyrntinipisike Trattiugal fan
accofdpytibis %WQ%éﬂtﬂﬂﬁ%ﬂﬁ\@*ﬁgﬂﬂ%ﬁﬁaﬁnﬁrBngL&%%ﬂaﬁ%é%ﬁﬁurther

this centrifugal fan, the portion of the housing whe imension
provideddsithea seris simaned bahsioghwpogien apenagiomedssedhphit spposes the

. Vil a olume of the space inside the housing. is,consequentl
s S R
impelben{fiedsd fanoacisr dinyitietheonihth ihedniidoppdbesendopysIndos: the housing.

S PO e TpeRer G o U B BB ErEd HehG RS ion
decrezisagTierantial sifleiand haitibpuspsreineetescinepal sRAHER and the

provided so that the inlet opposes the opening of the housing. Further,

volunig&RRIBRIERITIRARIBIR BN Eh AT IHEREDRIBREIBS blades of the
MAHE RIGHE RIS al fan according to the twelfth invention is the centrifugal fan

according to the ninth invention or the tenth invention, further provided with a scroll
shaped housing having an opening formed so that it opposes the impeller, and a gas
outiet formed on the outer circumferential side, and that houses the impeller. The bell
mouth is provided so that the inlet opposes the opening of the housing. Further,
interblade parts positioned between each of the plurality of blades of the main plate are
cut out at least at the blade front part in the rotational direction of the blades.

In this centrifugal fan, interblade parts positioned between each of the plurality of
blades of the main plate are cut out at least at the blade front part in the rotational
direction of the blades, and gas consequently flows also to the gap between the main
plate and the housing through this interblade part. Thereby, it is possible to take
sufficient advantage of the volume of the space of the housing.

Brief Description of the Drawings
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cut out at least at the blade front part in the rotational direction of the
blades. In this centrifugal fan, interblade parts positioned between each of
the plurality of 25 blades of the main plate are cut out at least at the blade
front part in the rotational direction of the blades, and gas consequently
flows also to the gap between the main plate and the housing through this
interblade part. Thereby, it is possible to take sufficient advantage of the

vatume @f thelgparavaicios hossiodaBrishResskiplian of e Drmyvings: -3

FIG. 1 is a side view (cross sectional view taken along A-A in FIG. 2) of a

conveRiRRFH RN RIRPH R EBHBIAAE FAde fan. FIG. 2 is a plan view of a
- cqneentignal exAmBIe af Aowld plads R i 3l Aaideidaw oS

sectional view taken along A-A in FIG. 4) of the multi 5 blade fan
addérding Boside Wiewvdribagisestionativieyrtaiem soenon iIFIEIGH4$ of Prenmulti
vie he,. ' 2 fan ding.t ir bodiment of the
b[adep'fr%\ilé’?r‘%tct Q@gﬁ@ﬁ%ﬁg@g ?sr% aiE’rE]3 8é{n §r%egqu\§|%\%%%%ﬁ%{n§? gﬁandepicts the
vi€iliity4os theleeceissedithd mblhelbed fanutbcofdive tauttidfadedamotiinent of
” FIG.Eﬁ Is an enlarged view of FIG. 3, and explains the wall surface flow
© PIGRE ém‘fﬁpﬂ% flow in the vicinity of the recessed part of the bell mouth.

FISG/ dsaapidadrudlibs 6Tt Iader@adpichans g a0t CoR PatiGed part
performance, and corresponds to FIG. 3. FIG. 8 is an air flow rate
of fh%ﬁﬁ”d@@ﬂ&ﬁs"@@dﬁH‘fhﬁE’é%%res the performance of 15 a multi blade

fapRa¥ing A Gasased Ralt b hesbs! Ine wWhhanssampuihpladefan dbatand the

_does not have a recessed part in the bell mouth. FIG. 9 is a cross
turningSevhial e wickibhoditheyreressed BRf MG bell modthIG. 15. FIG. 10 is

RS LB 80 B S R S e,
peﬁdmrﬁt@elﬁb:d;ﬁh&spuhﬂblaﬂEifarﬁaccording to the second embodiment of
thﬁgess%ngrl}né/i? g(\.)wnz‘ate characteristics graph that compares the performance of

a multi blade fan having a recessed part in the bell mouth and a multi blade fan that
does not have a recessed part in the bell mouth.

FIG. 9 is a cross sectional view taken along H-H in FIG. 3, FIG. 11, and FIG. 15.

FIG. 10 is a view that explains the flow of the gas in the interblade parts of the
Empeller.

FIG. 11 is a side view (cross sectional view taken along A-Ain FIG. 12) of the
multi blade fan according to the second embodiment of the present invention.

FIG 12is a.pian view of the multi blade fan according to the second embodiment
of the present invention.

FIG. 13 is an enlarged view of FIG. 11, and depicts the vicinity of the recessed
part of the bell mouth of the muliti blade fan.

FI1G. 14 is an enlarged view of FIG. 11, and explains the wall surface flow and the
turning flow in the vicinity of the recessed part of the bell mouth.

FIG. 15 is a side view of the multi blade fan according to the third embodiment of

the present invention, and corresponds to FIG. 3.

_9-
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FIG: 12 is a plan view of the multi blade fan according to the second
embodiment of the present invention. FIG. 13 is an enlarged view of FIG.
11, and depicts the vicinity of the recessed 25 part of the bell mouth of
the multi blade fan. FIG. 14 is an enlarged view of FIG. 11, and explains
the wall surface flow and the turning flow in the vicinity of the recessed
part of the bell mouth. FIG. 15 is a side view of the multi blade fan

PrefearepEhishtintle hird embodiment of the present invention, and
corresponds to FIG. 3. -9 Preferred Embodiments The foIIowmg Ialns

b DU SR I i AT RGETAR R R T 5 it s g fan)

accoRIRSABLY BRUIOM 15/ b8 iaingre Bhsiifgbodiment 5 (1)
CONSTITUTION OF THE MULTI'BLADE FAN FIG. 3 depicts a multi

First bragedinerto according to the first embodiment of the present invention.
lﬁy‘\t( sectional view taken
allé){rik@? ﬁéﬁté"é§lg))ﬂ03§ﬁ/e mulwélgglg%an ﬁ%‘%ﬁiordmg to the first
emiéd d@rdepictd dmeutiddade ifarentid mcandiF Giolttediphamntawiiafdhieof the
multi blade same as the onve t|o al example of the

presa B oA I A I P e N LIRS R o) view
takerCOIBMYiACA RIFIGPaNST 1S nuhtbising fhl1tBhdionsipg hehepelieshbddment of

motor 114 for rotatln%the impeller 113, and the like. Further, the axis 0-0

the PRRYSIS TYSRROPIGNY 1515hhBraURARI S A6 TN BERGALTH Gnd the
PR Selfle 12 (RBACRIBAGD HBIE IR BRIV POMALIIEIG 1

numerous blades 133 are illustrated in FIG. 4) of the impeller 113 is fixed

and E3ha dorepeild biate danal ‘Cheemerisesisubitenehain! pfate hausinad théhat
rous S TS LTS 693 SR ISR YBEKE pyver
the apiai@—ﬂZBm difters fodnFie dhapiecofciatcndé qudd dig2 mfftﬁenﬂ{bemtﬂlanalthe
motore)‘ﬁg'_'ple of the multi blade fan 10. Specifically, the side plate 132 is an

One end of each of humerous blades 133 (only some of the numerous blades
133 are illustrated in FIG. 4) of the impeller 113 is fixed to the outer circumferential edge
of a discoidal main plate 131, and the other end of each of those blades 133 is
connected by an annular side plate 132. Furthermore, in the present embodiment, the
shape of the side plate 132 differs from the shape of the side plate 32 of the
conventional example of the multi blade fan 10. Spec;ificaliy, the side plate 132 is an
annular member inclined toward the side opposite the main blate 131 (namely, the side
of an inlet 112a, discussed later) when proceeding from the outer circumferential edge
to the inner circumferential edge.

The same as in the conventional muiti blade fan 10, the housing 111 is a scroll
shaped box body from a plan perspective, and comprises an opening 111a, and a gas
outlet 111b. In addition, the motor 114 in the present embodiment is arranged in a space
on the inner circumferential side of the impeller 113, and is supported by the housing

111 via a support member (not shown).

A beil mouth 112 is arranged so that it covers the opening 111a of the housing

- 10 -
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annular member inclined toward the side opposite the main plate 131
(namely, the side of an inlet 112a, discussed later) when proceeding from
the outer circumferential edge to the inner circumferential edge. The
same as in the conventional multi blade fan 10, the housing 111 is a scroll
25 shaped box body from a plan perspective, and comprises an opening
111a, and a gas outlet 111b. In addition, the motor 114 in the present

111, ambodimest {3 2mareatdd méﬁhﬂﬁ%ﬁ%d%@w Hreugderental gt 113. The
the impeller 113, and is supported by the housing 111 via a support

inlet LA ARSI bapPriseh thesideplaly tihgt imesliersiitie

| FurtiRaRing Hlia prilemkhintnl hedidh R inietbla i%fgﬁgﬁg&%%r%igt from

for guiding the inlet gas to the impeller 113. The Inlet 112a is arfang
that ghdhe bplposushiie sitithelacsustionghexapaleriit® nrulttidedefeninthend

‘ ) . h giff

com e B 3t e Bl e I AT R e e veie T

impedlad B 3empriSpsdfieais see paiftrid it dr@uioshibeidaleh ldacthakis 112b that
. Specifically, the bell mouth 112

d toward the impeller 113 sid
et e B L AR RTS8 SRS RE B I AP P A 113 s,
a recedgedparetiniet ibkAadomaribtbeneriemid Side sidd aress esatitd26bn of

formed on the outer circumferential side in the radial direction of the

the cunyedPpH- 1inngha Befpapat 2 Serrmeshea diemiteutiicuntensiiiahsige in the
radiabdReRtie K@ dinkditegtionof the éS%ﬁéFﬂ%B@éPi&@o%%H?@;ﬁt Y8R that

the opening 111a and that extends in a direction that interse
extenggalioh dirgaéomsat ntersaddstite, wiaticnsd sséslliparOL (R drisadditicar e

t.jt ds the inlet 112a. The follqwj ins th
rece g P 2 R Tt Pl e B2 e b
madth fblavofithexplaitisibe elétaild 1 thsisguctGreSn FhethRinfY e réBessed
nlarged view of FIG, 3, and depicts the vicinity of the recessed part
part {0 223 S R RS O 65 ek, B RUTEETREIG: s
an eCRANEECINAST HOD, BetivRedeihietsUneed day bk 2hed dige SEG M the bell

112d (in detail, the surface of this portion on the side opposite the impeller

moutiy BhA,af Rgm!tkhipeth13Pthe recessed part 112d that is most _
recessfd BWER! the connecting portion between the curved part 112b and the

recessed part 112d (in detail, the surface of this portion on the side opposite the impeller
113) be point B, the portion of the recessed part 112d that is most recessed on the
impeller 113 side (in detail, the surface of this portion on the side opposite the impeller
113) be point C, and the connecting portion between the flat part 112c and the recessed
part 112d (in detail, the surface of this portion on the side opposite the impelier 113) be
point D, then the point C is positioned on the impeller 113 side of the point B and the
point D.

In addition, in the present embodiment, the ratio of the length or, from the
rotational axis line O-O to the point D with respect to the outer radius ¢R of the impelier
113, i.e., the length ratio @r/@R, is greater than or equal to 0.8 and less than 1.4.

In addition, in the present embodiment, a plane 115 formed by virtually linking the

point B and the point D is substantially orthogonal to the rotational axis line O-O, and is

- 11 -
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20 impeller 113 side (in detail, the surface of this portion on the side
opposite the impeller 113) be point C, and the connecting portion
between the flat part 112c and the recessed part 112d (in detail, the
surface of this portion on the side opposite the impeller 113) be point D,
then the point C is positioned on the impeller 113 side of the point B and
the point D. 25 In addition, in the present embodiment, the ratio of the

positeREANHRY plEKB [Bentieinions axisdiedi-BdorHigRAING R Whre e bithosite

the outer radius wR of the impeller 113, i.e., the length ratio cpr/cpR, is

the irgRediesr thanCsregasems!p. haritore st thasasavhenaarming il tRughrEeicinity of
the ré&B0QOHMER13R Iﬂﬁfjvéa’itf&ﬁ%%w%aé%%“t‘ﬂ Biﬁ'a%e%g{oﬁea%%ié:&wbment.

point D is substantially orthogonal to the rotational axis line
11n pasitiione thim anglarteftertital thehwosurfiby tfahpdsftat foaned Bo te side

_the side. oppqsit impeller 113. Consgquently, the flow of the gas
oppog 8 R ABRIEY 11 By TAGAT, o e T R R I
circustsiacti Slosidés(suidhe thaisi slaesnalibesomedwhnietic|scatsldiothdhRane 115)
angle 0 formed at the point D by the plane formed on the side 5 opposite .
and theRIARe fRtandEng, AT IR & i fePpiR o s arsatey dhanhitrand less than
gpe. circumferential side (in the present embodiment, the plane the same as

the plane 115) and the plane extending from the point C to the point D is
gréaddtham semiires endhe Jooeiiendifisiené barfacessedamtpakef the

o P A B T UG o
the pbiad &)shape dtaireltbaifaions tershtipesbbhe dideepiate pla2e HBatHewther

waords, by.forming the recess t 11 2d in,the bell h 112, th
wordg Rl R ot S DI AL PR R heeuP b folows
alonglihd Hdgheataors? tieeg@nibgant vktbelimpeelitaril23 side of the curved part
112b of the 15 bell mouth 112 is arranged on the inner circumferential

siag e P5R AN BiRRGBATP AR £ bR R tRe SYYRR RAHE 2b of the
beli nSiSiRIOIALE B32raAKLIS hraeoBd SociRakHENSHIAN SidRa £ I RAH AN IRR MBI bS the

112a side of the side plate 132 in the rotational axis line 0-0 direction
end pREf@NtEE inlet&123) side of the side plate 132, and is arranged so that it overlaps

the end part on the inlet 112a side of the side plate 132 in the rotational axis line O-0O
direction (refer to E in FIG. 5).

Furthermore, in the multi blade fan 110 of the present embodiment, the portion of
the axial dimension F (refer to FIG. 3) of the housing 111 that decreases is limited only
to the portion where the recessed part 112d is provided (refer to f in FIG. 3) and the
portion where the volume of the space inside the housing 111 decreases is therefore as
small as possible.

(2) OPERATION OF THE MULTI BLADE FAN

The following explains the operation of the multi blade fan 110, using FIG, 3, FIG.

4, and FIG. 6. Further, FIG. 6 is an enlarged view of FIG. 3, and explains the wall surface

flow and the furning flow in the vicinity of the recessed part 112d of the bell mouth 112.
If the multi blade fan 110 is operated by driving the motor 114, then the impeiler

113 rotates oriented in the rotational direction R in FIG. 4 with respect to the housing 111.

- 12 -
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Furthermore, in the multi blade fan 110 of the present embodiment, the
portion of 20 the axial dimension F (refer to FIG. 3) of the housing 111
that decreases is limited only to the portion where the recessed part 112d
is provided (refer to fin FIG. 3) and the portion where the volume of the
space inside the housing 111 decreases is therefore as small as possible.
(2) OPERATION OF THE MULTI BLADE FAN 25 The following explains

Therthg, eiiesttienioédes nBBtobtaderfipeikiOl BsinE tGe BrédSuraddobandiewbout the
Further, FIG. 6 is an enlarged view of FIG.,@, and explains the wall
gas fOMARE SRAVERR TR RNRRTY O HaRtal iRy bR erace L p Bl 2d

circuRffEhertall snutadd dalf therimdiblader taniddOie epataien Byedrkag the

motor 114, then the impeller 113 rotates oriented in the rotational

circumie@iRRReREne npetesids: anthealsabmrsblaw ot theesapiawoput to
the ofRErURHER TeREINGINPElRS it RS e e RessWaet "’H‘%b'ﬁ&’n?éi%’i’é‘?e same

gas from the space on the inner circumferential side to the space on
as theutenvemtiondieraitidl sitefanké ohs frutithads dan 128 priodipelbptdesim gas
he inner circumferential side of the impeller, 113, and collect n(;L low ou
o G P 8 e S o St ar S 5 e IR 38 Shown

by thintorthve Vutkes gidied iiNBIGel athbF@ne. as the conventional multi blade
faﬂg 10, the multi blade fan 110 principally takes in gas from the rotational
a

SO RS HE SHERABWIS B ANGA59 BHTAG BaMY! 151985 RRVHCIRYLY of the

inlet NeRBPMeYetlenrisiad 1N SabklGnF 1Budhed eyl surface flow
and the turning flow of the gas in the vicinity of the 10 inlet 112a of the

bef¥ idLithe1955 et Wabwi face tow Bha mIweXviméietfisugalrerases through
the vWﬁ‘“tzlﬂﬂf%? flow-dhs g VM%d,'QH@%&%%%&%}%@%&%@@W&?‘%’@ essed
provision of t

the recessed part 112d, the space formed by the e recesse

part pid {Rosithnd slybol ISE.if)RiGgesHamegativaegesserpressuie wad theface
[l surf fl hereby is d into thi i t, the fl .
row YEHRYIESRlR SIS SR choun e s apgcer i apareaul e o o

reak away as I the’conventional wa 0

the cdoubhtisiasihesliasiacs fivthechaineloasid theshadlbauwdaxe it figws), and the
alor%%f:térsc%bell mouth 112. Thereb% e in the flow in the vicinity of

wall sHEgGR owilows alone thehel g %%ffﬁ:%&a%%ﬁ%PHlﬁgeeaM%flow in the

vicinity of the inlet 112a is reduced, thus achieving a reduction in noise and an
improvement in the ventilation performance.

Moreover, in the multi blade fan 110, the point C of the recessed part 112d is
positioned more on the impeller 113 side than the point D, and is positioned more on the
impeller 113 side than the pbint B, thus enabling the reliable creatidn of negative
pressure in the space Ss.

In addition, in the multi blade fan 110 as shown in FIG. 5, the ratio of the length @r
from the rotational axis line O-0O to the point D with respect to the outer radius @R of the
impeller 113, i.e., the length ratio @r/@R, is greater than or equal to 0.8 and less than 1.4.
Therein, if the length ratio @r/@R is, for example, less than 0.8, then the radial distance
between the recessed part 112d and the inlet 112a is reduced, and the wall surface flow
consequently unfortunately arrives at the inlet 112a befbre the function of suppressing

the breaking away of the wall surface flow due fo the recessed part 112d can be
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improvement in the ventilation performance. Moreover, in the multi blade
fan 110, the point C of the recessed part 112d is 20 positioned more on
the impeller 113 side than the point D, and is positioned more on the
impeller 113 side than the point B, thus enabling the reliable creation of
negative pressure in the space Si. In addition, in the multi blade fan 110
as shown in FIG. 5, the ratio of the length (Pr from the rotational axis line

. .0-0 to the point D with respect to the outer radius cpR of the, 25 impeller
sufficiggy DRI TReHGHE o L7 (1500 LR T GRS PR teodner
the rath@nibéntbersinelrihndenodasetipapriapl imdanexaetriealerriBase. &ind

then the radial distance between the recessed part 112d and the inlet

the walhsurfrcR Howdhah MRk WRRTasestblir edrsakinhay antoHornatply
arrive@ MRS Mid 1Dletld2theloneidin IHBsEOBSARURRIRRSID G Hk BRI M us, in

~away of the wall surface flow due to the recessed part 112d can be -13
this meilffiirafiirpptahadraneingvbe reaessedqaristicdpiprasinepsatetdial

. ) adial dj 112d and
cost A 0SR UES DA FSNES) e STerd e i
functicuipressepréssadieabirg knarwajorfinately] amifes diakaeliddbiidddmation

a state wherein. it once again begins to break away. Thus, in 5 this multi
of the JEHES a6, ARG L A DElRGER 5320 ACATBLRO AR eRbl ey
reducip@lili®uleseerMnpdaitheisizrahdiatpurandipmneteryf the impeller 113

enables the function that sup{presses the breaking away of the wall

S Brcitinan B dRe s WE Risrrtrm 100 @R shewssad partr iheiapdle fuirmed at
the pcCOBRiABSHAR a1 RdyRiiRgeRks sfer breliab 589&@%%9&!@;3 3by

. in the flow in the vicinity of the inlet 112a. 10 In addition, in the multi bl
virtualy extepdirgs et MGl 12ctethadia o forauafate tiamide, s theesurface

exten(\ﬁjir g@g&é’@ﬁﬁg?ﬁg&%%%g&grlfzi%i(éfe%%'?@rcﬁié%%@’i lele%r Jﬂ%gmb 0°. Therein,

e Inner circumreréntial side, and
for exémepdzirfbte entdading lesntthe poerudlte B@°pthiah @ [wreridteudoin G in

oess AR SR T e S e e e
towardheevaltssetargdiow taws ey theliagnadifitan towarditryenassethe
advan%?gré%&sz %Tfte?r.strg’rb é’JSSféQ%Atg({iﬁgcﬁgéé%ﬂéfm%?“gf ?r?éawai[lhsurface flow. However,
if the angle 8 is made greater than 90°, then the space that largely does not contribute
as the negative pressure space only increases, thus decreasing the contribution to the
improvement of the function that suppresses the breaking away of the wall surface flow;
further, die cutting is also difficult when forming such a belt mouth 112 from resin, and
the like. Thus, in this multi blade fan 110, setting the angle & between the surfaces that
face the flat part 112¢ and the recessed part 112d {o an appropriate angular range
enables the function that suppresses the breaking away of the wall surface flow due to
the formation of the recessed part 112d as an advantageous effect of reliably reducing
turbulence in the flow in the vicinity of the inlet 112a.

In addition, the recessed part 112d is annularly formed so that it surrounds the

inlet 112a, consequently enabling the advantageous effect wherein the wall surface flow

from the entire circumference of the inlet 112a is made to flow along the bell mouth 112,
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advantageous effect of suppressing the breaking away of the wall surface
flow. However, if the angle 9 is made greater than 90, then the space that
largely does not contribute as the negative pressure space only increases,
thus decreasing the contribution to the 20 improvement of the function
that suppresses the breaking away of the wall surface flow; further, die
cutting is also difficult when forming such a bell mouth 112 from resin, and

the like,. Thus, | | Itj tting the anale 6 between the
S{ﬁ‘ a!gﬁeigléﬁafn?gg:éehtthez”ﬁ%{sﬁ@?ﬁ@@h;eﬁgr{ﬁ%égcl%ev\ésvg epa'r? ?’Fzﬁanso %a?%wn outto
the oudppoiptiatéerrgdaf thegmpetiables3thedses fiomn tiyat theppressgsithe between
reaki way of the wall surface flow due to, 25 the formation of the
the bel el A Ad P et 20 BALE BHALCUPRURLA Red ety m onoe
againtyBriaRAerBiFBaNRMRTE S e Bityhefihpdmat i B2ahdnnpdditioninthe fi%ure) can

recessed part 112d is annularly formed so that it surrounds the inlet 112a,

flow mgigstngektly vichieBnrierfutdeins baktas rEfamimesiian Ydrkaause
the refl@UsdEORRANG; SRYULGGFUARIRBGR PTIBEHNISH L Loy B JBAGG h AU AIRB % the

the bell mouth 112. -14 In addition, inside the housing 111, the turning
recesgietvparhaidin ehdhminelisr 418 widthbasuresivirs thidriatiows Bihagthzetice
thra passa . the bell mouth 112 and the
piate 13 TR e S TR St i
turningiflowniteteatiddisitie offtieesiop elste B2 (heduoyd Yana the figiseergased by

b Eﬂow more smoothlrﬁtoward ith inney circumferential side of the impeller
turbulgnea g G UG HeWdS LG EEWI? #%&%ormed in the bell mouth 112, and

begaHemiBR:SuEasELR the cFRFBEREsShRAE ikdgslien 1he dneeliand k358 part
has a shape that follows along the side r%gte 132. Thereby, turbulence in

112b gnel fhaensiere Ao alittén gidsupiiee fidmelatadidg Mewairneed so that
they ow'aﬁgp/aféfb%éiﬁsnpﬁ%%%Aéﬁeﬁeaﬁﬁe@migﬂgiaeiéﬁtﬁ@%%@g &bxtéq 32, both

turbulence In the turning flow is reliably reduced. Furthermore, because
the wallsaridqsaiiowthencthpwslemirg dlaw o tbenclieve pretatip?bicanticheobit

o B SIS IEATHES o e ANiSATRA aNeRe U b
turning 3Rvbthmitrgavathsutfiy.cTfieved(, and thenternmihd dlovy doandig indhging of
the w ésa | %%cu %’]& f}g\;&%&ﬂﬁﬁfﬂ% ]f&):\)’NtQK\{v%rg!%hoergdﬁﬂge%l,attﬁe%esblyngdedc?gg the
noise caused by the merging of the wall surface flow X4 and the tuming flow Y.

(3) EXPERIMENTAL EXAMPLE

To confirm the advantageous effects of the present invention, the following
experiment was conducted to determine how the presence of the recessed part 112d of
the bell mouth 112 in the muiti blade fan 110 of the present embodiment affects noise
performance and ventilation performance. Therein, a multi blade fan 210 comprising an
impeller 213 the same as the impeller 113 and a bell mouth 212 without a recessed part
112d was prepared, as shown in FIG. 7, as a multi blade fan for comparing performance
with the multi blade fan 110 of the present embodiment. In addition, with regard to the
size of the impeller used in the experiment, the outer diameter of the impeller was 260
mm, and the width of the impeller was 70 mm, for both the impeller 113 and the impeil'er

213,
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turning flow Y1 merge smoothly. Thereby, turbulence in the flow due to
the merging of the wall surface flow X, and the turning flow Y1 is also
reduced, thereby reducing the noise caused by the merging of the wall
surface flow X, and the turning flow Yi. (3) EXPERIMENTAL EXAMPLE 20
To confirm the advantageous effects of the present invention, the
following experiment was conducted to determine how the presence of
the recessed part 112d of the bell mouth 112 in the multi blade fan 110 of

the FriESEHE SHBURI M Caf ks s BRlaNSSHPRIbREA SN dchs @erflow rate and
noise R RRRGE 0 PREMR. 1Bk RAEe0faR P2 O RSN G R n 15RRS l@irréc%g’ and

the same as the impeller 113 and a bell mouth 212 without a recesse

dasheshlipedntliceiehs progaiaantd datawel thanaily biade fanig Hdaemelforithout
' ' | f .0f the present

e T R A B 8o S oo

squartreasdosrlitiding thdicatte thai mmedeinud itz dajsedihe as 266 iadafantither the
width of the impeller was 70 mm, for both the impeller 113 and the

presel SIS el Tl et B e BbEdiupon
nressiding toargnslansraienaneknaissevaltecfanibe wandTuitinade fRBsde fan
110 and 210. Therein, the plotted circles and dashed line indicate the

110 oLfserimRerhPmRaBNeR! WaRiARRER RS0 | AERIE MR dhereulti blade fan
210 féPperRRR AR RbINBARbMALHNLfah P SHRINSNCA £ PHRRLSARIE (e . pgas

plotted 5 squares and solid line indicate the experimental data of the
flow rala@d fan TonbfIaeereseltd ehiptwitherrinuithelhevigasone catesodngtifions),

- cordi It Of riment, the nojse
s G U B A RTARE, G o
be caappidyirtietedd laiBridwérrthdertbe imtit Badérfare 2ibhfty gferfermandee to the
compa ison, under the same ?fziﬂow te conditions (e.g., a gas 10 flow
G5

prowsr'§?e of erﬁ%?ﬁﬁﬁ? s%%lenp BEHEY even with other gas flow rate

comgitiims, tiuIFotaonapsRing SlperiaipRaise PREPIRARIRAHAS 4R AR date
above, this is thought to_be caused {)ﬁ/@the reduction in turbulence in the

condifigis iWaRdeFRiney it MEhhiede o the povigindhheaedevsaipuasy
mémitharkelotaasti Yhaddilien 182 rirtienalrpradiol thfeifaRelRy YNSs®ein for

identical gas flow rate
the multi blade tan 210 (and the same result was obtained even under other gas flow

rate conditions). Consequently, it was shown that the motor drive needed to obtain the
same gas flow rate was less for the multi blade fan 110 having the recessed part in the
bell mouth compared with the multi blade fan 210 without the recessed part in the bell
mouth, thus demonstrating that the multi blade fan 110 also had superior ventilation
performance.

Based on the above, improved noise performance and ventilation performance
can be achieved if the bell mouth 112 is provided with a recessed part 112d, as in the
multi blade fan 110 of the present embodiment.

(4) MODIFIED EXAMPLE

[n the multi blade fan 110 of the present embodiment, it is also acceptable to cut
out at least the blade 133 front part in the rotational direction of each interblade part 134

positioned between each of the plurality of blades 133 of the main piate 131 of the
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15 conditions was less for the multi blade fan 110, e.g., when the gas flow
rate was 7 m3/min, the rotational speed was 754 min-' for the multi blade
fan 110 and 783 min' for the multi blade fan 210 (and the same result was
obtained even under other gas flow rate conditions). Consequently, it was
shown that the motor drive needed to obtain the same gas flow rate was
less for the multi blade fan 110 having the recessed part in the 20 bell

i elmpjfgg Cé)m ared 'Wif]égh multi b_Iade fan 210 Wit.hout the recessed part in

PR 02115 u?ﬁ\;’%rﬂj emonstrating that the multi blade fan 110 also had

sWheriyyvastintian inericrmanges Basetbarstiheiehgue, ligyimvsdtneifin plate
performance and ventilation performance can be achieved if the bel

|
131 apghig RQUBRS IdViduquRh e e tdade BB bef- AR eRY. BisRoRpibisde take
sufficiBil Ad0-0t30e BreRS ARSI NORE HeBsREAWPLE In the multi

blade fan 110 of the present embodiment, it is also acceptable to cut out
Secong feabogieBidde 133 front part in the rotational direction of each

irﬁ?&@i&%@ﬂ%ﬁ%‘@g’n@@%ﬁ?{?&#B?EW&%‘%%%%’@HP&R%H??H%grglj{?%?aﬁﬁan

of the main pla of the -16 impel shown in
110 ofTtheréts}, eastaithmarih Fre8eiB, thadatsdifigvesviy thbtbafldwetfgeartitheflows into

e B SR AR RS BT RS e i ence
in the SRACeholdeRansingifldd.. ibiSarnpraaniine ridiey dina el meuti

112 with the recessed part 112d in the multi blade fan 110 of the first
created YR VB bSERRC T oM SARIAGSNLY e HLIPYE gas that flows into

theiiRlindigaa'onauiheRelbmere & b2 b e veal suEaes dIRhitiSiurality of

reducing turbulence in the flow; however, in addition, it is also preferablé

protrusdin@@aé@_thalérﬁ:ermviH@mmm@m_étmm{he Deiwveerfaceufiand part
3120 IR %%MQ%&Q?R]H}%‘EHE%WP&W g AdH Hg‘l@méégn‘?%jgg of the

present embodiment, a plurality of protruding parts e are provi
flow ofHbe oaressetyppot 2 dhedwesbmancinryéd. jdrt TR Zbllamdng rgesmadhparhulti

blade %% r% %‘P 6 tor}eﬂpe? l;:':rré]soeugp éli’h%bgg?'ntgnet,dgsviv nngs%eeamasviv%ggf the

(1} CONSTITUTION OF THE MULTI BLADE FAN

FIG. 11 depicts a side view (specifically, a cross sectional view taken along A-A in
FIG. 12) of the multi blade fan 310 according the second embodiment, and FIG. 12
depicts a plan view of the multi blade fan 310.

The same as the multi blade fan 110 of the first embodiment, the multi blade fan
310 comprises an impeller 313, a housing 311 that houses the impeller 313, a motor
314 for rotating the impeller 313, and the like. Further, the axis O-O in FIG. 11 and FIG.
12 is the rotational axis line of the impeller 313 and the motor 314.

The same as the impeller 113 of the first embodiment, one end of [each of] the
numerous blades 333 (only some of the numerous blades 333 are illustrated in FIG. 12)
of the impeller 313 is fixed to the outer circumferential edge of a discoidal main plate
331, and the other end of [each of] those blades 333 is connected by an annular side
plate 332.

The same as the housing 111 of the first embodiment, the housing 311 is a scroll
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flow of the recessed part 312d, as shown in FIG. 11. The following
explains the multi 15 blade fan 310 of the present embodiment, using the
drawings. (1) CONSTITUTION OF THE MULTI BLADE FAN FIG. 11
depicts a side view (specifically, a cross sectional view taken along A-A in
FIG. 12) of the multi blade fan 310 according the second embodiment,
and FIG. 12 depicts a plan view of the multi blade fan 310. 20 The same

the mylti blade fan 110 of the first embodiment, the multi blade fan 310
shap LT TP A TP SEEERYRrs S DM O Sb TR sl 314 &0es

outlet@oier 314 for rotating the impeller 313, and the like. Further, the axis 0-0
in FIG. 11 and FIG. 12 is the rotational axis line of the impeller 313 and

tHhreisiesas thembalbmrudls 1hQ phiwbrst embodiears: arhebanelét 3dRds
arranGW QF 162CH QLN 10 SPERRIPYS ﬂa&e(ﬁeo’ﬁ%@i'ﬂ% SPMe R e Umero94Ss

lades 333 are illustrated in FIG. 12) of the impeller 313 is fixed to the
formeglifeareirciongrdinialgdeb basiicchiddnpriieplad Bt ineidiHadtherranged

nd of [each hose, bl i npec Vi nnular si late
so thd A A B S ST R AR R e
emboditdstatserbdil thdughapitinaexaositypisatiffarptarrpershectitheabdll mouth 112 of

comprises an openi 11 a and as, outlet 311 b. The same as the bell |
the mifhiHade SarRan e pLemadmesL AR samprises e plgaldihpiuding
parts 8aYerh BedRRaipEhdlb G5 ERrdapts g 33p e aifeAN, IMEtRd2MIP & protruding

formed therein for guiding the inlet gas to the impeller 313. The inlet 312a
parts E12f &g &dr8waddnitsh peRS HHRORAS A RCIASY the GHyENdpsL 312 and the

recesEHItBEHTAR, WhHGBY d&ipResiments thehelimonR 312038 B SRAPS: the
different from that of the™pell mouth 112 of the multi blade fan 110 of the

inlet Jirdacastaitimein, FHad toanshcEs. the, glodaitg Efrpretradititptphey 3obwide from
addition to the recessed part 312d. Hically, t lyrality of protrudi

the oA B EEREaIAR ARt Rt Ao TR e g

towarpahie3didb appbiite flecéspetqrdt 31Rdalnitiare tligpedatipacegrapatting therts

312 SESimelental dietion of e, niet 3124, 2o shown n £16, 53 and R
provided around the inlet 312a (only some of the plurality of protruding parts 312e are
illustrated in FIG. 12).

The following explains in detail the structure in the vicinity of the recessed part
312d of the bell mouth 312 of the multi blade fan 310, using FIG. 13. Further, FIG. 13 is
an enlarged view of FIG. 11, and depicts the vicinity of the recessed part 312d of the bell
mouth 312 of the multi blade fan 310. :

Further, the same as for the bell mouth 112 of the first embodiment, if we let the
connecting portion between the curved part 312b and the recessed part 312d (in detail,
the surface of this portion on the side opposite the impeller 313) be point B, the portion
of the recessed part 312d that is most recessed oh the impeller 313 side (in detail, the
surface of this portion on the side opposite the impeller 313) be point C', and the
connecting portion between a flat part 312¢ and the recessed part 312d (in detail, the
surface of this portion on the side opposite the impeller 313} be point ', then the point

C' is positioned on the impeller 313 side of the point B' and the point D',
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the connecting portion between the curved part 312b and the recessed
part 312d toward the side opposite the impeller 313. In addition, the
plurality of protruding parts 15 312e are radially arranged so that they
oppose the recessed part 312d annularly provided around the inlet 312a
(only some of the plurality of protruding parts 312e are illustrated in FIG.
12). The foIIowing explains in detail the structure in the vicinity of the

cessed 12d of the bell mouth 312 of the mu Iade fan 310, using
R?% ur&ﬂé EreseAt @%Qﬁ”&%‘ﬁ&eﬁ%ﬁﬁﬁ% irst ERAGESH %ftsfhe

ratio Fh@WiIRINRINQ HTRoFRGRESRERBHEB X AhEe el maushisle ofithe dapkikt to the
blade fan 310. Further, the same as for the bell mouth 112 of the first

outer SRR HaBRalpieS Lorireckif BBl AbERBGRIniS sinater shen or equal

to 0. 83&@@ @nd ﬁ%rqqpssed part 312d (in detail, the surface of this portion on
the side opposite the impeller 313) be point B', the portion 25 of the
rétesskidopaimn m@ar&mn’sermd@m%@ eﬁm@amms@l [Ers8egbiodirtiant, a plane

3151‘0‘3&1}8&] 9%} é&l fth' %68{‘ H?Fﬁ o?r% 'Slée tl'ﬁﬂ%nﬁlellllers ?(’)gonaI to

con portion be Ween a par Cany
the rom@@mmm}nhaﬂ@(lardftaﬂadheoaedme oidhisipertionl do the sigfxce of the

it th ller 31 t t C ifi d
flt pegl 1o BB S PR B RTHE [ PELREAAS BT BaARYoihehgas
when PEREMY eRgiMeVRISAenGasdeedyss pabedragiicthalalivsktitw) is

length (pr' from the rotational axis line 0-0 to the point D' with respect to
such that ibdessraeilreepmeditheiffibeller 313, i.e., the length ratio (pr'/(PR', is

ORI HoAN; Hrtﬁ’élB?és%?énﬁ&@;ﬂﬁéﬁt%%éaﬁe%mﬁﬂ@ 'Q%BB&Wﬁeé\t the

present embodlment the same as the first embodiment, a plane 3
angle Rrtaeddslalitheafipiibkingytitfeepmasfanme thengbmt ideioppbstaritialipnpelier

313 b K}l}ﬁ%wa){%nt&% r%at'ﬁ?ﬁ? 31'5'0 t%ﬁ rﬁg\e?gpsm ?gn?a ?‘% eF in the

dentlca e su ace (0] C on the side opp05|te

presefmpeiterdihanC tnsetuenthe ﬁmﬁ@mdﬁd‘ﬁ@m SWMHaﬂSI@@HH@:@hHiﬁg
vicinity of the recessed part 312d the wall surface flow) is 10 such that it
from tBS&D?{B Ebé%éﬂ?epﬂ ?ﬁ’pfﬁ 9ira tfBrésait@maddiment the

SRBRIASAR  firsd QM@ﬁfﬂﬁethﬁpeiler 313 side of the recessed part 312d of the
bell mouth 312 (particularly the surface corresponding to that between the point B' and
the point C') has a shape that follows along the shape of the side plate 332, the same
as the first embodiment. In other words, by forming the recessed part 312d in the bell
mouth 312, the shape that follows along the side plate 332 is formed in the bell mouth
312. o "

Furthermore, the same as the first embodiment, the end part on the impeller 313
side of the curved part 312b of the bell mouth 312 is arranged on the inner
circumferential side in the radial direction of the end part on the inlet 312a side of the
side plate 332, and is arranged so that it overlaps the end part on the inlet 312a side of
the side plate 332 in the rotational axis line O-O direction.

The portion of each protruding part 312e that protrudes most on the side
opposite the impeller 313 (the point G') is positioned more on the side opposite the

impeller 313 than the point D', in addition, the protruding part 312e is provided so that it
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mout {

angle 8' formed at the point D' by the plane formed on the side opposite
the impeller 313 by virtually extending the flat part 312c to the inner
circumferential side (in the present embodiment, the plane the same as
the plane 315) and the plane extending 15 from the point C' to the point
D' is greater than 60 and less than 90. In addition, the surface on the
impeller 313 side of the recessed part 312d of the bell mouth 312
particularly the surface corresponding to that between the point B' and

smootplx jois: e Fvef S1aiba tRaARHdNR BRrRpBEratbp &2k the side plate

e i - - . __
e L P e e

prese!fKI@r@iﬂgqu@%ﬁzgiﬁwdiﬁﬁewhﬁrméﬂmwiabdimemmm@frthermnm&éame
decre?!;c‘e@%ffiﬁt%%%%@éﬁ?@%ﬁ%ﬁ Fléz’ﬁnéh%@&’&%&{ﬁ%]% 1?%%305}8\%{1 ed, and

curved part I mout IS arrange e inner
the porifcomfesentiad swlernetbithadipbdizdotinie of thieoesthpadrtoodivedsles BlParefore
side of the %E?side plate 332, and is arranged so that it overlaps the end

as sms r?%ﬁ?ﬁ?-} et 312a side of the side plate 332 in the rotational axis line

O dreetior i Ohepprtige afleechmramgmgnpart 312e that protrudes most
on the side opposite the impeller 313 ﬁ%? point G") is positioned more on

theesialouinp e 'es ihp onsratianpiiheaplikiese fraddifiorsitg FIG 11, FIG
12, ankr plding p@halaads providadanralitidg smaethiy Jang BeisHyY ?ﬁ% wall

part 312b and the recessed part 312d. Furthermore, the same as the first
surfacerfipyoame thei iuméinan i deeraicBi of the recesead @at GdiRdesfthdell
P9 gon where the axial dimension of the housing 311 decreases is limited
only to the portion where the recessed part 312d is provided, and 5 the
pibitiemuiteéaiie faol Gk isfober sizackyinisidinthid ousting33 4 L tdesrersespeller

is theref I ible. (2) OPERATION OF THE MULTI _
313 1ol R B BRI e AN B S CARE oblAon S ARG fousing
311. ThERetiging &b Geldialite 332 btk Mhspeliér Buthes &G e israssaniasggdy

view of FIG. 11, and explains the wall 10 surface flow and the turning flow

blow guirie AemiPBr the seresuthalnaepgisumissantial side to the space on the

outer circumferential side, take gas from the inlet 312a into the space on the inner
circumferential side of the impeller 313, and collect and blow out the gas blown out to
the outer circumferential side of the impeller 313 to the outlet 311b. Namely, the same
as the multi blade fan 110 of the first embodiment, the multi blade fan 310 takes gas in
from the rotational axis O-O direction, as shown by the arrow W, depicted in FIG. 11 and
FIG. 12, and blows the gas out from the outlet 311b.

Further, the wall surface flow and the turning flow of the gas in the vicinity of the
intet 312a and the bell mouth 312 are as shown in FIG. 11 and FIG. 14.

The same as in the first embodiment, when the wall surface flow (the arrow Xz in
the figure) passes through the vicinity of the recessed part 3124, it flows along the bell
mouth 312 without breaking away because it flows so that it is drawn into a space S»
formed by the provision of the recessed part 312d.

Next, a portion of the wall surface flow Xz that passed through the vicinity of the
recessed part 312d (the arrow Z; in the figure) flows along the protruding parts 312e,
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mouth 312. If the multi blade fan 310 is operated by driving the motor 314,
then the impeller 313 rotates oriented in the rotational direction R of FIG.
12 with respect to the housing 311. Thereby, all of the blades 333 of the
impeller 313 increase the pressure of and 15 blow out the gas from the
space on the inner circumferential side to the space on the outer
circumferential side, take gas from the inlet 312a into the space on the

inner_circumferential side of the impeller 3 d.cqllect and plow out the
and 1 A TR 5o e BB R R o8 HEOMRRLP 1998 Frrs 3126
Furtheritele3 Hely Narp el hessmengihthprowltibipgerfas 130 ohtheriysherges
.. embodiment, the multi blade fan 310 takes gas in 20 from the rotational
with a R P Vo SRshT BY/eReshRRA'RS Helnaal iR Ry betagfally
coinciils whth ARAIRIWSIHG e ARMARg NSRRI iR Yriaei ihg albws into

_ surface flow and the turning flow of the gas in the vicinity of the inlet 312a
the inighd tRe plemendwirckaioar 2dsshivnl R Figweveinte iBs 2. thakfwseriong
' i imer I I -ArLow [ ,
the o s e ey oY PR M R 5 2acfoving
along dtengrotreidiath padstB R avithBowvbrieskihg avelyBhesatizenefothe Siowhedts of

is gr into a space,S2 formed hy.the provision of the recessed part
the 925, R TP ARG BN A el P 5ok PP aToeIa dhe
protrudieifibeeé B2 depesandRaibd 12difthecairovedb e digurr) flow@aaiendn the
the protruding parts 312e, -20 and the remainder flows as is along the

flow dug iR thpAresdisg WEbeMARHRINY p it EopteguentiMiBitaaied the gas
Zigdhasiawssaiang the Rrtuding R¥iiortae RO sinindNS e WERIR the

main flow W2 without any turbulence because its line of flow substantially

impeligsidtiatanretpeinh B ot o RosienofibgvirRisiracs: flaw Wotira Fidesit) flow
| ) . . < [ine 0.0, H .,
into th?ﬁzﬁigggsy?%apﬁéqgér‘ﬁ §%ﬁ%%nc9‘ ERS é%g?%%&ﬂh%% da %%gelr:ﬁﬁﬁ\é%ded

ws a e curved pa merges with't
to thefioninAting aiante Rjekk witde the gas Z2 flowing along the protruding parts

RS e R RIS e TR S ey o
the inlpt@nadingasids hlgdempoelbisereas it eadiriembadisteahditbroving the
venti!atl%g%uplfe?f%err{wna%hc%, the same as the first embodiment, and also enables a
reduction in noise due to the merging of the main flow W> and the wall surface flow X5,
and an improvement in the ventilation performance.

(3) MODIFIED EXAMPLE

tn the multi blade fan 310 bf the present embodiment, the same as the first
embodiment, it is also acceptable to cut out at least the blade 333 front part in the
rotational direction of each interblade part 334 positioned between each of the plurality
of blades 333 of the main plate 331 of the impeller 313, as shown in FIG. 9.

Thereby, as shown in FIG. 10, gas also flows in the gap I' between the main plate
331 and the housing 311 through the interblade parts 334. Thereby, it is possible to take
sufficient advantage of the volume of the space of the housing 311.

Third Embodiment

Although the multi blade fan 110 of the first embodiment uses as the side plate
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10 flow due to the merging with the main flow W2 is consequently
mitigated. Moreover, because the point G' is positioned more on the side
opposite the impeller 313 than the point D', the portion of the wall surface
flow X2 that tries to flow into the inlet 312a along the flat part 312c of the
bell mouth 312 can be reliably guided to the protruding parts 312e side.
15 Thereby, further reducing turbulence in the wall surface flow X2 in the

o o A S R R R
the sig¥nifadimant arehalsecrableRRIPANCHOS dRasdssyCHeniaRBRMerging of

the main flow W2 and the wall surface flow X2, and ani EII?T;ovement in

circunpfRre/dinli S8R HéFf@rr’ﬁﬁﬁ&@“%”@é‘?r%fi‘ilﬁﬁj@B ARl PR rom, e 4 ifrefer to
FIG. 1@58@%@6‘ é’éc%?{afﬂ% REgsfeedimeniene sama asdhe Wat plate 432

embodiment, it is also acceptable to cut out at least the blade 333 front
shapegdharsenes radhersiteinieitorlaridherchnepniteraparessipobitioraditi biade fan
10 (rePeertYES ;h of the plurality of blades 333 of the main plate 331 of the

impeller 313, as shown in FIG. 9. 25 Thereby, as shown in FIG. 10, gas

a&mﬁrﬁmiiy) the gmttll Hhedevémmn 418 mmmmﬁmec@&bmm lhmﬁlag@mshaped

thro h.the |nt s 334. Thereby, |t sufficie
T AA L ORI s e e ey SR e e tan TS, and
a bell Em@mléhéﬂiéelﬂﬂél saeneblithiapelfan il ﬂfzthw firshampegigessh 110 in
ses as the side plate -21 an annular side EﬁlDaé}e 132 inclined toward the

the f"'% @GORERE S AtdTipMdhe SEMRAsNe Brusine biued st smbodiment,
the ho@a%s@ﬁi ;@g?ecm%apggemwmﬁgﬁ QidRECHEHM e @9&&&% and

the inner circumferentia e, a multi blade fan 410 (refer to
COMPHSSS AbcepRAlNg, %ﬁamr@m ngetiérl fmsﬁhahae*egra mequaeeﬂaabai mouth

w12 S 35 6 A0 oL i e
emboqumr@alﬂ;comppsmammiatp@lh él&shappdrthéﬁamemﬁsedmpﬁl@fﬁﬁthat
is anngfatny ormet 38 % te a0 l}eur?&éqﬁe mlI I 9{?92 fgrq g ﬂ%t gart 412c. Herein, the
same as the points B, C, D and the plane 115 of the first embodiment, the connecting
portion between the curved part 412b and the recessed part 412d is a point B", the
portion of the recessed part 412d that is most recessed on the impeller 413 side is a
point C", the connecting portion between the flat part 412c and the recessed part 412d
is a point D", and the plane formed by virtually linking the point B" and the point D" is a
plane 415. '

Even in this case, the same as the multi blade fan 110 of the first embodiment,
because the provision of the recessed part 412d can change a space S; to négative
pressure, turbulence in the flow in the vicinity of the inlet 412a is reduced, thus enabling
a reduction in the noise and an improvement in the ventilation performance.

In addition, although not illustrated, it is also acceptable in the bell mouth 412 of
the above multi blade fan 410 to provide protruding parts the same as the protruding

parts 312e of the bell mouth 312 of the second embodiment to further reduce noise and

improve the ventilation performance. In addition, although not illustrated, the same as in
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a bell mouth 412 shaped the same as the bell mouth 112 of the multi

blade fan 110 in 10 the first embodiment. In addition, the same as the

housing 111 of the first embodiment, the housing 411 is a scroll shaped

box body when viewed from a plan perspective, and comprises an

opening 411a and a gas outlet 411b. Furthermore, because the bell mouth

412 is shaped the same as the bell mouth 112 of the multi blade fan 110

. Of the first embodiment, it comprises.an inlet.412a, a cury, rt412b, a

the 13 T BB AT IR & NPTl FoTy St A PR et

least thiebhitearantcharflal parrdhBonkletiettiidreotanuh asidhs auniaBpésifibned
and the plane 115 of the first embodim%nt, the connectin%c ortion
[

betwagthRacH fbiEERUEIN ©) PRFSH ARSI &R P B PRE S [oarer 413,
thus HikiReTipssefidadesresefriRrhdarhiagésongs! verensast kiBsace of the

impeller 413 side is a point C", the connecting portion between the flat
hOUSF_DﬁﬁTﬁIZC and the recessed part 412d 20 is a point D", and the plane
Oth rf%rmﬁﬁlﬁ\]( viftually linking the point B" and the point D" is a plane 415.

© Evenint ?s case, the same as the multi blade fan 110 of the first

eiifmdimen e xpbedacsentizprodsion it eresssdsadepdinmbasedam the

.cha space.S3 to negative. pressur bulence in.the.flow.in the, ., .
arav R e A B Ao oM e e el R g
unders@isd &nd daristprevendenbiifibetivestiaiipbepeftasmandehdutaiigitiamg from the

... although not illustrated, it is also acceptable in the bell mouth 412 of the.
spirit gRRREIRBIRTIRRIDYEAUAD to provide protruding parts the same as the

Prosrusing pRarks S ahthsdest mantbnalleoh tainrans hesph e peai dat

. further reduce noise and improve the ventilation performance. In addition,
inventinhouigHmol inlastecles caransisivg as imredenddriicipmmimnantnedbindes, the
. i Lt ccept . | t ,
P ol o Rt Rl i e A 2 v
to a chetvifegal [EacthatfakespiugdyfohblhdestaBoraf axmidirptiiend 3t of thadial fan,

impeller 4 hus making it possible tq take sufficient, advantage,of the
a e 300 i LR s g T e b et
rotaticdgivexigxplained embodiments of the present invention based on the
Industrial Field of Application

The use of the present invention enables the prevention of turbulence in the flow

in the vicinity of the inlet in a centrifugal fan that takes in gas from the rotational axis

direction and blows the gas out in a direction that intersects the rotational axis.
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drawings, but the specific constitution is not limited to these embodiments,
and it is understood that variations and modifications may be effected
without departing from the 10 spirit and scope of the invention. For
example, although the abovementioned embodiments adopt the present
invention in a multi blade fan comprising an impeller having forward
inclined blades, the present invention is not limited thereto, and it is
possible to apply the present invepiigm,do a centrifugal fan that takes in
gas from the rotational axis direction, as in a radial fan, 15 a turbo fan, and
the like, and blows the gas out in a direction that intersects the rotational

1. A céisflpgustial Fielgiof Applicsiorideingaofitie Brasenbiueniodirection and
enables the preventign of turbulence in the flow in Le Vﬁ@ fthe inlet

blows jihe, 925 i R rARSFLRRARES THYSEH Mt RianBhaX s o EERORS:
aé}dlhipw&me A0t 41 a)dﬂattmat&mmrseet&tbadmammlmds -23

1, A f | f 10, 310, 4
B s, A e W (I 5584 gt éhoed so that
Lﬁﬂ?ﬁ&:ﬁ?ﬁh&mﬁ?ﬁ?ﬁahﬁm ®+@rcmmpnsirid1 dABdnisaltbr4138), B3 fdbd) a
a ro ales e rotation
e BT DR T TSA B3] O SelbniofratiAd e
imesie; side arebtsyagliptas (heloe8 g2d td B2d) theiems a recessed

whnreﬂ?gat've pressure space (Si, S2, S3) around said inlet facing the impeller
side, and that guides the inlet gas to said impeller, wherein said bell

rﬁ@tﬂib@ilmOBm%J?Zﬁﬁas 41fahgare (fatzan {Dt2a1763ehal éxidhakrends on
t%%?ér%rﬁm@y%m%k side of §§19 recesses patt ikrd 8 1d A1) dnhe

the radial direction in a direction that intersects the rotational axis (0-0)

aiedial giiRRdioD A trestian Shalinipack Bdnirlionahaxisi&-C). and a
chgrpdesantialisigednm e 1adipliiresiiondef saithsannssed aarirtoumrs ¥1ge in

Irt?w%eps?drrgll%?re%ggnt %aftsggj@gcggls%ldn;%rgliév%%rg %hzaa frg;%azafigr glrcl:l%, and that forms

said inlet {(112a, 312a, 412a); and

a portion (C, C’, C”) of said recessed part that is most recessed on the impelier

side is positioned on the impeller side of a connecting portion (D, D', D"} between

said flat part and said recessed part, and is positioned on the impeller side of a

connecting portion (B, B', B") between said curved part and said recessed part;
and wherein

the ratio of a length (@r, ¢r') from the center of the rotational axis (0-0) to the

connecting portion (D, D*, D" between said flat part {112c, 312c¢, 412¢) and said

recessed part (112d, 312d, 412d) with respect to an outer radius (pR, @R’} of

said impelier, i.e., a length ratio (or/R, or'/eR’), is greater than or equal to 0.8

and less than 1.4
2. A centrifugal fan (110, 310, 410) that takes in gas from a rotational axis direction and

blows the gas out in a direction that intersects the rotational axis (O-0), comprising:

an impeller {113, 313, 413) that rotates about the rotationa!l axis; and
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a portion (C, C', C") of said recessed part that is most recessed on the
impeller side is positioned on the impeller side of a connecting portion (D,
D', D") between said flat part and said recessed part, and is positioned on
the impeller side of a connecting portion (B, B', B") between said curved
part and said recessed part; and wherein the ratio of a length ((pr, (pr’)
from the center of the rotational axis (0-0) to the connecting portion (D, D',

'hhEWSER $G flad ?aéﬁé%lr?&; Ad % hedhand Sﬂgarwgr%{ﬁed s0 that
(112d, 312d, 412d) with respect to an outer radlus g R, (PR% of said

.eﬁaen@ﬁasesaai|t=5ﬂaﬂ1+%tﬁﬂetﬂﬁéﬁﬁe%&?r A&k iRGredns iarcrtegtianss a
G&anddessdhine blesdufeaiibfugs] fan (8H),2340nd Ea)dhaliiemit the

gas from a rotational axis_direction and blows the gas out in a direction
tHHPﬁW%r@&ﬁsEiﬁg forLaaidgs e (9'8) SIS Raind MRt itieller (113, 313,

wherefHL3) that rotates about the rotational axis; and -24 a bell mouth (112, 312,

S SR b At s P Y et et ek AL aends on
neégajivenressnviespdict {Se Sﬂssa)racaﬂaeldsamu (1161%931@61@11@@)&#1 dhe

d d that guides.the.inl
T e SO R B R T T
tkreraatépamm ﬁﬁbréﬁﬂ?@l gidigoftbaicerdendserh et (2 d;igl@afedadie | inide in
A g ragial dir 8@8@ & ?%fﬂ gg%&ll r@éﬁ?ﬁ LRSS Hhe IR A IS Pat forms

a curve part (112 that extends on the inner
chaidnifgleritiaiesidédn. ﬂi@ﬁéd@élcblrectlon of said recessed part toward the

'@%}%ﬁ'@? @ncttlyzagc @Hﬂ@?eé@&@y%% 3 1R8skakRR0A ?%t!%eilef

C") of said récessed part that is most recessed on the imp

m@awt&f@ﬂimm@ impeller side of a cRnPRENY RIHRIH Eb Oy [yhypetween
besvenn sRidHat Radt rrdsaid reessed BybsathisiRastienahendhside of a

impeller side of a connectln portion (B, B', B") between said curved part
e pys e ifaleNatalailel) |5§rt between said curved part and said recessed part;

and wherein
an angle (8, 8') formed in the connecting portion between said fiat part and said
recessed part by a plane (115, 315, 415) formed on the side oppaosite the
impeller by virtually extending said flat part (112¢, 312¢, 412¢) fo the inner
circumferential side and the surface extending from the portion (C, C', C”) of said
recessed part (112d, 312d, 412d) that is most recessed on the impeller side to
the connecting portion (D, D', D") between said fiat part and said recessed part is

greater than 60° and iess than 90°.
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and wherein an angle (8, 8") formed in the connecting portion between
said flat part and said recessed part by a plane (115, 315, 415) formed on
the side opposite the impeller by virtually extending said flat part (1 12c,
312c, 412c) to the inner circumferential side and the surface extending
from the portion (C, C', C") of said recessed part (112d, 312d, 412d) that
IS most recessed on the impeller side to the connecting portion (D, D', D")

3. The BEhWaEH33iH flak pas@nd sajchEeerssROPa Hfm areater Wirnho and less
than 90. -24a 3. The centrifugal fan (110, 310, 410% asré%ecited in Claim 1

Brelanfdirind plahe( 128789 US) 3517 BBRSS #id S BEIOsRY tHEally
im%ﬁfl;lkethemﬁﬂﬁtmg i ffﬂ@ ﬂr@ connetlibgredivsdia fat, ??Z%ﬁgieze;n 2¢,

said flat part, c, c, C id recessed part .
5350 00D EareRae B Agn b B ) SDNE e P RORAS Bfrtion (&
B 12D, Bdidlmetl i) andveaich seceissrisl pagis 44abstantialhicortivegead tart is
the rotatiopal axis (0-0)..4., The centrifugal.fap.(310) as recited in any one
B Bl A R AT G BTt Bbll mouth (312) fartner

has a plurality of protruding parts (312e) arranged in the connecting

- t] ' t ' id. .
« e RO DR SR OISR LM S oot W
whereiinlet (312a), and that protrude outward on the impeller side of the

_%_%[H‘G&ﬁi Wo%‘?ﬁt@q 2(%%%8&%%% %{6‘(5&?6‘?&9@9@&%%@%@ ZE%V ;affang ed in

e centrifugal fan (310) as recited in Claim 4, wherein a portion
Hrdcornasing pritte3BIdae s GRIdeURES BA fﬁ{é%ﬁ@g abppritdeRBSsed
iapefierignositionarbmess AHtABide apPesiariiieknng!igl s fof said iniat

connecting portion (D) between said flat part (312c) and said recessed .
parEapnd ibeh Protride cumtataN e (RL B (Fi199 6) HsreenaggkngRertion
PRedaimsafllalbd BHeUAR said recessed part.

&. The centrifugal fan (310) as recited in Ciaim 4, wherein
a portion {G') of said protruding paris (312e) that protrude most on the side
opposite the impeller is positioned more on the side opposite the impeller than a

connecting portion (") between said flat part (312¢) and said recessed part



Claim 5, wherein said recessed part (112d, 312d, 412d) is annularly
formed so that it surrounds said inlet (112a, 312a, 412a). 7. The
centrifugal fan (110, 310) as recited in any one claim of Claim 1 through
Claim 6, wherein said impeller (113, 313) has a main plate (131, 331) that
rotates about the rotational axis (0-0), a plurality of blades (133, 333)
annularly arranged about the rotational axis and whose end parts on the
e gpposite the inlet are each fixed to said main plate, and an annular
side plate (132, 332) that connects with the end parts on the inlet side of
said plurality of blades; and the surface of said recessed part (112d, 312d)

8. The@éﬁhﬁd@@&ﬁﬁ sigle, hag asslape ibatdaliavimplong saichside pliatet &rbogh
al fan (110 310) as recited in Claim 7, wherein the end part of

_ rifu
Claim tr‘E'Ljé\l/%d part (112b, 312b) on the impeller side is arranged on the
Ismsrreu:ea@aa‘@r@mah SR B thie 4aldia) direstiataoy foenesdl wuathaff isaichsidads

plat t.side, and is arranged so that it overlaps in the
RO et e e

nd part of said side plate on the inlet side. 9.
The centrifugal fan (110, 310, 410) as recited in any one claim of Claim 1

7. The}hr%'tj% %l'?é’ﬂ@ fH"?ﬁS 8%%‘;%%%4%%?5@'&%9% q%%'qgtiq}ésﬁgﬁ&atm 8,

ng an pehlng formed so that it opp
whereigaid impeller (113, 313, 413), and a gas outlet (111 b, 311b, 411b)

fQéiH‘?ﬂxBé‘ilg}e(%e%?tﬁ?%geJ%ﬁ 35 ide @1”5%1*}%&‘3&3?3@9 UBBEHI&Le

wherein, said bell mouth (112, épsgrowded so that said inlet
(@i@%@@%'&i@a@ oppodEdiyAd @Béﬁﬁw@‘ Ch AISTHG R r3ged about

Qﬁ@tﬂi@%J@ﬂ&é%r%%@@ersﬁ&ei%wsfc!ﬁ'mg SEERHPLSidurbeRRIAAsedch

with: a scroll shaped housing (111, 311) having an ogenln gllla 311a)
¥R ipgaid main plate, and an annular side plate (13 hat connects with

the end parts on the inlet side of said plurality of blades; and
the surface of said recessed part (112d, 312d) on the impeller side has a shape

that foliows along said side plate.

8. The centrifugal fan (110, 310) as recited in Claim 7, wherein
the end part of said curved part (112hb, 312b) on the impeller side is arranged on
the inner circumferential side in {he radial direction of the end part of said side
plate (132, 332) on the inlet side, and is arrangead so that it overiaps in the

rotational axis direction the end part of said side plate on the inlet side.

9. The centrifugal fan (110, 310, 410) as recited in any one claim of Claim 1 through
Claim 6, further provided with:
a scroll shaped housing (111, 311, 411) having an opening (111a, 311a, 411a)
formed so that it opposes said impeller (113, 313, 413), and a gas outlet (111b,
311b, 411b) formed on the outer circumferential side, and that houses said

impelier,



that it opposes said impeller (113, 313), and a gas outlet (111 b, 311 b)
formed on the outer circumferential side, and that houses said impeller;
wherein, said bell mouth (112, 312) is provided so that said inlet (112a,
312a) opposes said opening of said housing; and interblade parts (134,
334) positioned between each of said plurality of blades (133, 333) of
said main plate (131, 331) are cut out at least at the blade front part in the
rotational direction of the blade. - 27 Abstract The present invention
provides a centrifugal fan capable of preventing turbulence of the flow in
the vicinity of an inlet. A multi blade fan (110) is a fan that takes gas in
wheraifrom a rotational axis line (0-0) direction and blows the gas out in a

SEie i iosesp Do oA/ 09) 08 ooB o o
thpesesiond arisiire ¢0s@)d Tiediad mouth (112) has an inlet (112a)

arranged so that it opposes the impeller (113), and a recessed part
(112d) around the inlet (112a) that forms a recessed negative pressure

10. ThesapdrifegakiRimg i Shperereeisy didelaift HRides Reinlet s wded with:
impelerdidedd Haodthg (111, 311) having an opening (111a, 311a) formed so
that it opposes said impelier (113, 313}, and.a gas outiet (111b, 311b) formed on
the outer circumferential side, and that houses said impealler;

wherein,
said bell mouth (112, 312) is provided so that said inlet (112a, 312a) opposes
said opening of said housing; and
interblade parts (134, 334) positioned between each of said plurality of blades
(133, 333} of said main plate (131, 331) are cut out at least at the biade front part
in the rotational direction of the biade.
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