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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
impelignd B-@. motor 14 for rotating the impeller 13, and the like. Further, the axis O-O in
FIG. 1 and FIG. 2 is the 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-0.

if the multi blade fan 10 is operated by driving the motor 14, then the impelier 13
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If the multi blade fan 10 is operated by driving the motor 14, then the
impeller 13 -1 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

rotatéb@ilapeitbintBeanthtioHattirodibloR bUFIC tRevittielsbadl thetgasotRalg 11.
Ther%@f&g,owﬂéﬁ to the outer circumferential side of the impeller 13. In other

AreBy the dho NP IRDIGEYST BB PSR R e 2ncklow gkt the
gas fRIafthEsphePIRERAIhdRKRSIMEAS TR IR foREANH &Xisipe Bller

direction and blows out gas from the outlet 11b. 10 Patent Document 1

circundpranEse s lighedPalermApplitiid?aBLeIlT: 30908 O IDSEFe of
circulbR /LG a8 R AN mgtgﬂgl hiade R Q- fuhy ﬁ@%dﬂt%etﬂg\gl.gfemﬁ H3Re gas

in the VICInIty of the 1 12a causes an increase In noise an ecrease
that viey &fnilationt pe tfermaiereiTha el widg aféhy pesafaudiulencthén therds, as

flow gf gas in t icinity of the inlet 1 )-Turbule in the floy. of gas
showg N Pl B TSR Lty Roprcipaly
takessihayss ryithénarrotatidmalFdGs intutbDeafiestivthendomdngenerie s Hinih®e outlet
11b flow of gas taken from the outer circumferential side of the housing along

the flat part 12c of 20 the bell mouth 12 into the inlet 12a (wall surface
PatediombX)Esaks 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

vieahgnepthewilishsridaiend A iprlirapendyol BIA 2008984 by the arrow Yin

DisclbiGrelnf rmogn(tﬁlw is generated wherein, inside the 25 impeller 13, a
portion ot the gas that flows inside the housing 11 is blown out to the

oues eifcamfelie hbaleffanelion pelteridBmithineitmitp bitb s pheteidRjty of the
inlet ?ﬁ‘g (i:saafslgg an increase in noise and a decrease in ventilation 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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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. -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({Bjertiovw isrgentuatedt s tiertimg by iteewadrgintacefithe e afturning flow Y

turhbulence in the flow is generated in the wall surface flow X and the

oG RONRORF 108 o ERALILES T 500 W B R R g sBRegaf. b
turbuleHbeiianee Ao 19 Rediaesbiheivaleusipaeiiauimrne thessipdow

curh g;rrow W) In a model centrifugal fan that takes in air from the axial
urbu

REGibhipdoindsorereratadie Raraltrietatsiovi garkigyusrinadisvl, then
turbu§8ﬁ9§ i'.'m@%I%er}h%%im&%wa@&fer to arrow W) that flows from the

rotational axis direction into the infet 12a, and turbulence in the flow is
cdAsdgeusn ceduedie i atgingled thallslirioéteiovmniergd shintoaineflow (arrow
W main flow W. Incidentally, there is a demand for reduced noise and
) . : e .
enhanced performance with multi blade fans used in air cleaners, air
cdnditranees canttithg dikan! thatithies, itheir Ipindreasddirisetand the line of flow

reduced yentilation performance caused by turbulence_in the flow in the
O RS TS (HBLS HBCE AR 10t 7B £ IR blAGEARGTow

(refebid drSRaBANRGREEIE ahBASatichad oy adiadfansniyibe fars123dand

the like. It is an object of the present invention to provide a centrifugal fan
turbuleprmhia bie frwdnsrgIemmeRhcesnerisd s tas waligusfase et aoerges

into tRESSEAEUeRf fan according to the first invention is a centrifugal fan that
takes Iin gas from a rotational axis direction and blows the gas out in a
ditactimmnthlbt ines s démaothimaidaxied consprisidgahdnueel ipedomnance

i SERTIUE 0 WIS PR Ao, s MBI RO TR0 . v
increfisaid ot aneceskeddegatikeiprepsiiterapace esowsd tyetunieiience in the flow
in the vicinity of the inlet, as described above, is not limited to multi blade fans, but is
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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25 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
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

the bereaiging auayuiTesbyg BRI TS abihaiflovieici e et tnthe: iDisthity of
_can be reduced, enablin? a reduction in noise and an improvement in the
the iRjehGRatiBR [Fei6RthFRADINGAEIVFIGR TaRCiRR ARArRNMENREC BB in the
ventilBNERtRAs g centrifugal fan 5 according to the first invention, wherein
the bell mouth has a flat part and a curved part. The flat part extends on
thélsuteertiitugatetamtia¢enidion the theesseaphrinvemiéorndialtiirasivrifigal fan

R TR RO T PR e o
The fiaivpadt e emgxe ber teedeyian difoumsdrenirdesidd eibrtionceistweirpadssetie radial

. art that is most recessed on the 10 impeller side is, positioned on the
direcliandflc Qi 5 BB UGN oo KURIRERN A 141 SHERPfs Sxiends on the
inner'eRESATErBAlalaNEEI S PRRiticiedRY herimpallersig afratiNesiagl the impeller

portion between the curved part and the recessed part. In this centrifugal

side, ;gRd fpS e HEtné e duded Shthe 5856 $R68: Palck sl dsomagierapperg on the
impefidesigPasiiongshen e dnanelssrideakine 5%%%%%)9@%&1?%@“%& the flat

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

part giié dieheeessritiiayipaidrhenriengtt eonted panelled sidacckssednnecting
- part e t [ e formed by the provision
pomcgme&%bsﬁ% OEHX/?&‘ 3 eﬁfﬁ{(&é&%&ﬁ&&

e recessed part can r e set to a negative pressure state. The
centtHisged daiflazd dadintdpéopthrdichicd theertessedhmdahtifisgaldstin@fessed on

T -
the flabgdRereceeseedaubdivihresRES! todfiopdi@orRaivsapENe i Biael T e,
conngclﬁrqg tgorrta%gg’biét\%reeeag%éhgﬁ r\?édeggglatgd 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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0.8 and less than 1.4. For example, if the abovementioned length ratio is
set to less than 0.8, then the 25 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

consddfeaitly, thanwia sthtatadinhvdistancetiebkerndhey ecrssecepap prddba would
-4 consequently, the-wall surface flow whose

inlet would be large and, - r
“”f°%%%¢ﬁ%{gaﬂ"w&ﬂ\fg@ gk 8 hplewGRBINd NREAIARAGIARIR Biepeaway.
infeq 8, anstiate herrigdt eRceRaRdineoR iR A sak ayvey: dhysyl I;S'ﬂ'@te radial

_centrifugal fan, arranging the recessed part at an appropriate radia .
positippsigeRrdakbiaitng ®irekihe srinediatepighni dier Bmpkerspaiascihadierction

that s%f‘g?é@%geg ?hé E'?ééﬁ‘d@%ﬁeéje& the ?Sﬁ@@f@%’%ﬂ%‘% St\ﬁ?ﬂes{‘br TRSRiI0Ws the

to the formation o ecessed part to be accomplished as an
recesaddaraddedusaffort pivhtidbly acdadiagtaganlendeah thecllatiingtiacing
turbul\/igicnétm ghﬁ inl?g.tfigh% i%[erg%rifqg&%lef%eqccor_ding to the fourth i-nvention IS
the Centri ugéWan a%cor(ﬂn& % T2 '8&ond invention or the third

investiemiwbese famacugiinig o ackifolineh ib/ennoesingpefierLBaM@Een
the flat part and the recessed part by a plane formed on the side o%)rosite

accorgingri M PEGANFIRYS LR RHING (U AR YRI RS MO TR ¥ 8NRifiemagd in the
connéia @ pd i ButaceexieTdingdroanthe o peieaitha arrssashRatial on the

is most recessed on the impeller side to the connecting portion between

side qRBaRiteHEe émacth%r Wcéggaﬂw;ﬁr_tagdjma&@ ﬂﬁma@@oam lassrnisiauoferential
side 4Ry TRE SEAADICLIIANBIAD MY BORR ARG i BBt dassalhaL o el

pressure tends not Yo vary precipitously w
recesfiedofrdme thepdber padet thhe eoesseithgatrttekimgwediffibel fla pbithand the

sufficiently the function of ,suppressing the.preaking away of the wall
recesse ePalqﬂlg \ﬁ???gévre?bgﬂ §§h8rgcg(ess phganth

surface ovémentioned angle is set to greater than

9@ dihexaitrprdy incis shaasibatidoes angloishermoripar206NtHbN B &S
pressir TOnds Not 16 vary BrecipRoUSly When the Wall Sultace flow fows form The fat
part to the recessed part, making it difficul to obtain sufficiently the function of
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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of the function of suppressing of the breaking away of the wall surface
flow; in addition, dye cutting is difficult when such a bell 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 25 range enables the function
that suppresses the breaking away of the wall surface flow due to the

pranefwm@&parpmgia%c@;sgggnﬁaﬁeaﬁwémmﬁmﬂ@wﬁﬁ%\%ﬁﬁ%@f@ﬁ@écﬁng portion
reliably reducing turbulence in the flow in the vicinity of the inlet. The

betweeihthfLipl Par 2BEdRRTSIBSPRAPATINGEh GenRBC B PRIgaNThgtween the
curveBSSRHAIRg thR: aage%@sa%q@%fs@ﬁﬁ%ﬂiﬂﬁg@ﬂ&%%@P&&EHRJP@Q

invention, wherein the -5 plane formed on the side opposite the impeller
byniriasigntiifkier) fee.dbardenadoportd o rodeveids trptaitpdredmpeier by
. rt with the conngcti ortion,between the curved part and .
i B B R R e i
the coemddfingapdeiinriliilese thenecived theartsidel dnp ostiestiwlipypeliesbystantially
.. virtually Jinking the connecting portjon between the flat part and the
OrthoRgE L G T Ao LRy OHTErt e B6an B QRIVERF A gAd: passes
throuffhetiecesnay BRikéSreubstaatisdly. orthogonal to the rotational axis, and the
flow of the gas is not disturbed when ité%;lsses throuih the vicinity of the

rediessentpligat fan asaendigal rhacistainyestiae isthe ipoalitioaakianas
_ ” e | i ) ; . '
o AT B e
the bghtcaiinduphas s gddaitihel conhadiigpaostamdngertintieeconneding
, t and the recesse t and,aligned spaced.apart in the ,
P e o b e e Rk B e BULag R gpart n tre
circunnfgreli¢iabitieeof oth e fdberiefingmbttishihetudervthe o ved parariidheide of

d part. 15 In this centrifugal fan, a plurality of protruding parts are
the RGN B CB MY BB SO CE ORI AR oEassa BRT the
reaasreedpaifeidhaked m@l@hyicﬁ#%ﬁ,ﬁlﬁngfpﬁﬁ&éﬁé%ﬁi‘i’@dqmﬂ%f@ﬂnecting
er the S

of the recessed part. In so doing, a wall surface flow passes

bortia RSyt Hhd ACHITYESH BRE RRE B2 EPFaRS FTRRTIOH HomBdiahHthe 2., on the
downBIRIEHTYI8e of the flow of the recessed part. In so doing, after the wall surface flow

passes through the vicinity of the recessed part, a portion flows along the protruding
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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parts, and the remaining flows as is along the curved part between the
protruding parts. 20 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
accotiimgowethuding parienaiod flokes dniaitperifiatortaeciothaiflyw e Bhthsotrude
as that flows along 25 the curved part is less than the case wherein the

oSt AR FIERAROSHE ABE IBTRRLT (S HRRRE AR QARG SSRGS TG fhe
impeﬂ@ﬂ\{ﬁﬁfﬁé%mé&ﬁ%?mﬁh HamaitHewat lhpreRy fhuienceindte

flow in the vicinity of the inlet is further reduced, enabling a reduction in

nd&@%@ﬁaﬁif#q#bi%mm ReieNeitRRSAIptRaPariednat eotiedeifngeal on the
side %%@Eﬂ@%ﬁéﬁ@r Y %HQ@!BKSH%&@O@H%@ %&gﬁ%@ﬂe 't(?\ﬁaqicg%%réqi'glgthan

to the sixth invention, wherein a portion of the protruding parts
the cproratieg meiicorbgtesitetbp flasipathantiibellenjielfposiiohacdbotion ohttiewall

side opposite the impeller thap_a,connect; ortion, between the flat part
surfag e B oy R LR R tole 118 RIOAS BRS fieimg

pmmaﬁtﬁfogud%m@@t&dEﬂ@etoﬁm@ﬁﬁqﬁﬁgdﬁ@imnﬁﬂ%eﬂﬂfugai fan

positioned more_on the side opposite the impeller than the connecting

accorgipgdn BEYRNEH e MR b kiR ddHeRReY thicyeh fhrisRventhdnxantion,
wher&h thea devscan cansearHRNIMPeTRIaR Y OwWEed 40-Be ot ipgparts

side. The centrifugal fan according to the eighth invention is the centrifugal
falt éesrnfueaigronanoepsrrd sfardsfissinasitiormecbag thatdt surrounds

: [ i i it larly formed so
the i L MR R RTE R e OB SO Rel
causesmgakatty fowrmdrgpttimabélbmootmitstibevaiety dansdipueithynahaldingghe

o VR AR S AL U R BILAE
and antilitus reductiog trrboleseddatherdinovisnteatvicimbrehtnaisictdfor@nce.

egaﬁ%lrin a reduction in noise and an improvement in the ventilation
Y

SR Us]e feBnRRGHIRG IR cBIRiny Tt tHBVSRMY e nikeh remEfugal fan
accoRfAY 0@ one invention 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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according to any one invention 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 20 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 on the inlet side of the

side Bluraditgad bladesintae swslaseedinalrasesseddatipn dedmpeletsidsd part of

has a shape that follows along the side plate. In this centrifugal fan, the

the sidgrplate antesrivebsicle parddn aReapdiRe takihaxeslaps ihiseratational axis
direcfROINE BlRNERS S Blate, CasRaHENHIkIggsing turbulence in the wall

surface flow, reducing turbulence in the turning flow in the vicinity of the
sitietbiare ntigeh &ind e eaduribefthi e uuist paitisadity inrsilensidénand the
ring. rifugal f ccording tq the tenth invention is the ..
o e R A RS R B e R Bl B oston
on théhizmercad paitentihbdinpelfdhe gidielplaimhgaddinltbiiedones; consequently,

th circu ferer]tial si%mnnt e radiz‘ direction of the dfﬁ_‘art of the side plate
& Wil AR I OHEShin s PPN EaY RIS SVRAS FaRRgiadaRErakRIuction
in nofdigection the end part of the side plate on the inlet side. In this centrifugal

fan, the end part of the curved part on the impeller side and the 5 end

patFEEr g biaRasRARNIE Sigelrecatininyeationtitthmepuiuéing) fan
accoRiRg Ay I RVBRELAIERUTESIRERISIAR OHIRA Sl B BIBHL TR LAY, rurner
direction; consequently, the wall surface flow andthe turning flow mergé

provi@ﬂ@b@tﬂﬂﬁ W@BIR@H&GM@@@W@W Bﬂrmﬂ@ai@@maﬁi&m@&lﬁ@opposes the
moeREEYAANS 18 svenininenin s the cenldiyanlian 19 asearding o, o

any one Invention o rst Invention throug eighth inve
impeieoVvidedwitmagbris|sioajzizd sousiapthavingt ap prssipdapeethgwtitabihousing.

O TS S e s e e el
decrdaliRisaBnRsesIBAIPRE MO on Delesinehdndbisssentpaierl Saovithey, and the
vol ungg g“fqtg eOfs E}g%eh%us?fi:l%gtx\éhﬁg%é?neg% ig{l)gisrgg Sg;%g ensured.

The centrifugal 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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15 decreases is limited only to the portion where the recessed part is
provided, and the volume of the space inside the housing is consequently
ensured. The centrifugal 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 20 outlet formed on the outer

cirnanfgentinlisidevaiiddnt beised Ui@mm@}eméﬂgfmﬂlimm@fof a
provided so that the inlet opposes the opening of the housing. Further,

ConVEReRRI FXFARE SEStBHEY &&h each of the plurality of blades of the
- MBI PIREEANE PUlAH bALIEARt SRR DB AR IR iR B SRigkanal

direction of the blades. In this centrifugal fan, interblade parts positioned
bdtiieericcasirertiswpieiesrysectizoalvigvsiakencanampiate iécd olthat multi

1St at the. e fr rt in the rotatiepal direction of the blades, and
bl e R S Gt and e
hdu€ing ithaquigh thesvintetfidadeli)dibdearebycdrdimpisithle fiostak@bodiment of
sufficl&ent advantage of the volume of the space of the housing. Brief

the PE58S iﬂ'ﬂ’cﬁ? fihe Drawings -8 FIG. 1 is a side view (cross sectional view
taRem, alangn/eRdrgBlsyidvalfaicoryaRtana iexme e ahiyar thdladedasd part

FIG. 2 is a plan view of a conventional example of a multi blade fan. FIG.

of theghglhrapudh Al ecraetifleaBiaNview taken along A-A in FIG. 4) of the
Ml B Ragdedan Aeeiliosdoris Srshrrabalimemolar AIRse0tow and the

invention. FIG. 4 is a plan view of the multi blade fan according to the first

turningrilswdimihe Geinily pfdBerennssedopartbiigibelhrentdhged view of FIG. -
o e e T R R B R PR B Bl
perfovalirieface fkowambrtipis tm_mtagstlow in the vic_inity of the recessed part of
g;% ?ﬁ:%gr%g'ir': CCJ;W ;e;?eacﬁgjrgc\:/tgr\{gt?gstrgl?a%w It?:gtl %%?n];)a;rég rtﬁgep%%@r(ggnce 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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performance, and corresponds to FIG. 3. FIG. 8 is an air flow rate
characteristics graph that compares the performance of 15 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
Prefainpehenbdfimknisll is a side view (cross sectional view taken along A-A
in_FIG. 12) of the multi blade fan accordin%\;to the second embodiment of

theG-EAQV N exaEINEIe epRedipIsRtsialtas melthbladsdae fepntrifugal fan)
accor%?@@i%tﬁr%ﬁﬁm%ﬁfﬁpegﬁﬁgeﬂ% gfnmﬁ,ﬁgsent invention. FIG. 13 is

_an enlarged view of FIG. 11, and depicts the vicinity of the recessed 25
First barbedimemell mouth of the multi blade fan. FIG. 14 is an enlarged view of

Fl )] ai turning fl in th
O R e R B A o viow of the
micll (s bladiepfets actaltlihite tiee thi @l soodrodig émtiod firs ereseditnent of the
i tion, to FIG. 3..-9 Pref d bodi ts Th )
presq U O ST S e LIS ET G S Ce AR i
takercSe@ks NG\ 1 thespagsEnbéwRMi O disRE thEndiaydrisg T sh&mBosimediment of

5 (1) CONSTITUTION OF THE MULTI BLADE FAN FIG. 3 depicts a multi
the PERagRtfANeNTRROFIME 16 thé fsneriaybalmm iyt thilagriht ivention.

FeiBelahlCaSiia s it MM APRRSHIGA b A PSSIF BEA Bh Y TeW (1aKeHs FIG, 1
along A-A in FIG. 4) of the multi blade fan 110 according to the first

énd Féﬁub%)dmmtéﬁ pirdpriaseit hoempsisesran Fﬂr@eﬂf@s Hl Blem Nowwaing tHd that
hous%ﬁ}ﬂeﬁ@%%tl&nﬁ 0aléél{t%ﬁflgm%%tg}ﬁwQQHg%%%rfl%lret)%r,nﬁll% %eﬂ]&e. Further,

an 10°(re
the axis O-O in FIG. 3 and FIG. 4 is the rotational axis line of the impeller 113 and the

motor 114.

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. Specifically, the side plate 132 is an
annular member inclined toward the side opposite thé 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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and FIG. 2), the multi blade fan 110 comprises an impeller 113, a housing
111 that houses the impeller 113, a motor 114 for rotating the impeller
113, and the like. Further, the axis 0-0 in FIG. 3 and FIG. 4 is the
rotational axis line of the impeller 113 and the motor 114. 15 One end of
each of numerous blades 133 (only some of the numerous blades 133
are illustrated in FIG. 4) of the impeller 113 is fixed to the outer
111, eifcude Fastiad w@ero@ﬁ@ai@@mlfmegni@ilﬁgeni@ﬂnl@ir@a@?oq{#@r@sglef 113. The
each of those blades 133 is connected by an annular side plate 132.

inlet diem i RATREORAAR Bralsid rpermssdinterit amiatsnbin diihreivgelisaid 132

Furtitifieesdropthe,shans ehihssideniate %%EPHB&‘ﬁQ@HXS%iQHQES%ﬁHEE% from
. p nular

of the multi blade fan 10. Specifically, the side plate 132'is an a
that pidhenesinanntit D whtdaiseniestinsd sxen@amdithpleataltl BlatafaelyOttend
' ' , FHSGUSSE r).wh rogeeding from the oute
com S e g e R S o e

impedenviétxidel Epatifitaty tae b6l thedtausingdihpisessemltvad paapedh that
rises an opening 111a, and a

box body from a plan perspective, and com ; ,
exters R o il 3 T AT o r R A o 5 WA IR RIARRY 13 sice,
a receieag pdrinazprRemandhersrrsirsksniarendialaidrel ihadrRralietitddion of

and is supported by the housing 111 via a support member (not shown).

the curyedl RstiiH 3 enda delgearisbl datatresders the epeniviscurTigrential side in the
radineHeiRhr 19 thileanddhe 'EFEH%éa%&stﬁa’m%%‘?ﬁ%f%bg}ﬁﬁ' 91qqaeértﬂ:%‘ﬁhat

gas to the impeller 113. The inlet 112a is arranged so that it Gpposes
extergigdpmgiregRoofitiad inipesitatsl its: rolatineahaxis linate-Presemddition, the
[ the bell mouth 112 has 1ape different from that of the
reoe e e B S B S R R B 7280, ama
cofimerfsds\aing cegaeathpént Hldilarotine dteicieelh 2ndhatiistesesretbcessed

o A B e e A i ombieee 2
an efdegdd FeelpoBriahs, igneedepith3isidecinifpeease ratsbldshionned Hine pell
mouth 2 07 56 MURIblads fan 110, o crection of

Herein, if we let 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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the curved part 112b, and a flat part 112c formed on the outer
circumferential side in the 10 radial direction of the recessed part 112d so
that it covers the opening 111a and that extends in a direction that '
intersects the rotational axis line 0-0. In addition, the recessed part 112d
is annularly formed so that it surrounds the inlet 112a. The following
explains the details of the structure in the vicinity of the recessed part
positibhéd af giaed rnentibal 1 b isermsdidelareranbiO uaing ke sRie opposite
_Further, FIG. 5is 15 an enlarged view of FIG. 3, and depicts the vicinity
the irgpellendtdsSansratient ‘Ekﬁl%@%éif theoaas yheamaesiathmses tha vicinity of
~Herein, if i ril r
the rekSEE IR {126 dﬁ{é%ﬁ%@@%%@m HAULBFHEER AR CUNBLBBE hiButent

the recessed part 112 he surface of this portion on the
sitfeasisjiositet iecaingie Belorinks) sktiwipeiBt thopthtipteoktfemerkssdte side

‘ 12d that i d 2Q,i I 3 side (in detail, th
0P BT o I L5 BB SR 21 e .

circuaiehghe sicside¢iinthp @iide ietweeditherflatipapidi tharvhthe seaBasfdne 115)
art 112d (in detail, the surface of this portion on the side opposite the .
and (i AP EIHATB ST EATNG JBHISPR B Fo A5t therpeRas ess than
gpe. 113 side of the point B and the point D. 25 In addition, in the present
embodiment, the ratio of the length (pr, from the rotational axis line 0-0 to

thi geiditionihie reiteee ke dimeeilatilis wke ptbarqrassed paitild 2d of the
bell rifdGEA9H (@@hﬁﬁg@ %e@%@@&g?%@;% rﬁﬂHgltEOtl%? M%@F&ﬁ%ﬂgﬂbﬁ and

In addition; in the présent embodiment, a plan€ 115 formed
the ptinkifg tres peinaiB: dhatt thod gyesnaDnig thebshamiadll/ tbesodppliecotBR In other

rotatipnal.axis, line 0-0, and is, - ositigned in a pl identjcal tq th
word g e s oS a0 S G T e e age that fllows
alongdbessdaendly 1132 v ehsaarpaweineassing2hrough the vicinity of the
recessed part 112d (the wall surface flow) is such that it does not become

whHBRIMATaHIGSNRAL D YoRale RepBiAt BofUReHiag’ 112b of the
beli nfRied Qnishersig=@ aPRsimiIirnelerddyiodtHalL eXeNdRedsh of the

flat part 112c to the inner circumferential side (in the present

end paKsHthfeintethE dmpideryf Hiarfddgshiaiep] dde andis 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 -



10

15

20

25

and the plane extending from the point C to the point D is greater than 60
and less than 900. In addition, the surface on the impeller 113 side of the
recessed part 112d of the 10 bell mouth 112 (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 132. In other words, by
forming the recessed part 11 2d in the bell mouth 112, the shape that

Therébijowls chithedhihgesidaPlslieh2 3hiflenmed mitiethelbreesdieldZand biow out the
Furthermore, the end part of the igg)ell,er 113 side of the curved part 112b

gas T e SPRER RILHTR 18T L HIGEa HA R IR EiRRARRPENS QRS in

circuthRorastal dirrctiarecd 8er@ndnrartien theaimes H2axies o4 the fideplate
132, and is arranged so that it overlags the end part on the inlet 112a

circusiirrattiRestigeoplar MPRIRTHé ForafopRlestialov ouh BrtieAs Ry rpOBt to
the ol GrcmtEhEEMa%R iR 4emptibiade fa a0 of the Plrﬂ:?‘.%émely, otpe same

embodiment, the portion of 20 the axial dimension F (refer to FIG. 3
as ththeanwesipatlmaiabbeer éarsd§ idhimmeti binyletdaiihd tibpimeipdibyr tattes in gas

recessed part 112d is provi ed%re r.fo fin FIG, 3) and the porti here
from 8 TR RORA LA O RS A E b G s QBRI A 8 shown

by themetbws/podsiliteehGREBARONGE THE MULTI BLADE FAN 25 The
fo%olwgng explains the operation of the multi blade fan 110, using FIG,
FIG.

b ARG SUFARA EPYERSCATS ARG 3o G185, iy of the

inlet eXPiBTIHESMAhSUIASE HawANchEenHHNG, foawinHg wicinity of the
recessed part 112d of the bell mouth 112. If the multi blade fan 110 is

_oM@ad@mﬂﬁgﬂwﬁlkﬁgrfaqa,fwgstﬂ%aml@rm@ r{'ﬁ&f@é pRRSfBdhrough
the leB %E\ﬁ Bqtff’ﬁ?%ﬂ?%ﬁﬁt%mﬂ& R4 ¥4H ri%?ﬂ%% E;‘g&ﬂ% E%é?cgnlgf]th? Yecessed

tl1 eby, ades 133 of the impeller 1 ise the pressure 0
part Hit{loe symitded Sgas fridginthehspaes tmnkgative poissiméerertitiiesidaliteurface

tou B B S S e TR D Sy o
the coalleatiandl blawaufdbe U9s bwin dolitde dashed arrow X in the figure), and the
wall surface flow flows along the bell mouth 112, Thereby, turbulence in the 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 before the function of suppressing

the breaking away of the wall surface flow due fo the recessed part 112d can be
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5 the outer circumferential side of the impeller 113 into the outlet 111 b.
Namely, the same as the conventional multi blade fan 10, the multi blade
fan 110 principally takes in gas from the rotational axis 0-0 direction and
blows out gas from the outlet 111b, as shown by the arrow W, depicted in
FIG. 3 and FIG. 4. Further, the wall surface flow and the turning flow of the
gas in the vicinity of the 10 inlet 112a of the bell mouth 112 are as shown

..In FIG, 3 and FIG. 6. When th of the wall.surface flow (the arrow X
Suffh NSRS USRI LE BIBUIGRIS BY RS ol RdEaaSSLRETDa e then
the ragRacianaeddiyden e visteasdidha tecraseddral klad (the isrrabebsland

in FIG. 6) changes to negative pressure, and the wall surface flow

the wa{{SNRPR fipwiRah v i RDep st REsEed fosnibrarking Ruayd AtarraaiRly
arrive@WoMamiBLLH e canvatlimibAl [ IHERCEHMVHERAD H Rl dasheehys in

~arrow X in the figure), and the wall surface flow flows along the bell'mouth
this myitpbiarefapy] thrinirenséththecraeessethranidiie dfanapreamiata tedial

" . ieving ise iImpro nt.in t
post B L RO N RN e
functiar thet eonwsedgsthd b2ebisrRDgresjtioibd malicoridbe finpeller blBsifdemation

than the point D, and is itioned mare on the impelley 113 side than the
of the S ERPRORLR e h I R I AT CIRLRS b ARE RES LR Teiaby
reduciBigacebtlehtaddtierton themauitbiageffar 14@as shown in FIG. 5, the

ratio of the Ieng{?t (Pr from the rotational axis line 0-0 to the point D with

rebAdeitienra Bindrriikiads R ifkasshamaie M@ te #roiefyinrmaed at
the pdiRIOPR; 8RR SN @A RS m%@éﬁjwéﬁp%étér BRIGIL AR 13 by

. length ratio cpr/cpR is, for example, less than 0.8, then the radial distance
virtualhepxieed ingtheciesparpite 1o dharionaedistmErantakeldecdndtetsarface

f for I MRS inlgt 1 .
oxent PR ST O 7 AT e
for exf#owlduié trretheglecd sséebpdnbh Itdeqanl he 808, shéficie pthcatitainachange in

e A e L s T e D v
towardnGieasess¥ipart 112d, thereby making it difficult to sufficiently obtain the
advantageous effect of suppressing the breaking away of the wall surface 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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the wall surface flow that was once suppressed from breaking away
unfortunately arrives at the inlet 112a in a state wherein it once again
begins to break away. Thus, in 5 this multi blade fan 110, arranging the
recessed part 112d at an appropriate radial position according to the size
of the outer diameter of the impeller 113 enables the function that
suppresses the breaking away of the wall surface flow due to the
f lan. of the recessed part,112d to }ﬁjcco lished as a
e R T B SRR R Ghaown owt o
the outwinity ohtkesintet dfltfa. id(pdierdtidqrasscth ¢hmuliinfiael @ dasatidOap between
own jn FIG. 5, the angle 0. formed at the point D by the plane 115,
s S h 3

the befliMapIe ditrRAdRGRG R ) & A AueES,gndiit faligh in once
again e¥tgRdNeG:HEiarartdddciadhe inaensstamfessmtialside ANt e figure) can

surface extending from the point C to the point D is greater than 60 and

flow mese aBeRYTY thnAsthihoingRR R MTarNHALRCS 1f fesimpelier S Bpaause
the reégsléeerr?afpﬁ%@i@m{m%e baiPressi e 18NdSdeL L9 AL H YRR RS the

wall surface flow flows from the flat part 112c toward the recessed part
recesga@gathai@dyomiénignipelitficliitisidaffiseathabeathahilladeaaitagethesside
f ing.the. Ki f wall surface flow, However
e Pt SLRIGRIELSRIGRA WAk AN SUERE S R o
turningdlospiiribatdcisithefitbgative pisiesite pastuoaty inni¢hsernisbusiused by

decreasing the_contribution o the 20 improvement of the function that
mrbu{?ﬂﬁ%t’@@é&‘fﬁ@'ﬂﬂé@n@ 5‘?/{}395)51" W&ﬁ surface flow; further, die cutting

ialsnetifiielt danderminensushradvethewapa il irolde sl part
like. Thus, in this multi blade fan 110, setting the angle 6 between the

112D aperiersmrarhen the inlehhiea mxepilifesideaiaedtsarame adanaad so that
they o%%ﬂ%ﬂ??p%@ﬂ%ﬁrdﬁﬂggErﬂ@@ﬁéﬁe‘cﬁé’ﬁ?w@i@&?ﬂ@éﬁ%ﬁ%ﬁi(ﬁ, both

reaking away of the wall surface flow due to 25 the formation
the wad cagtace flaw Xoandsthe widvagtilgeotsceffetowfireisbhxia dlirsotipn of the

. e in,the flow in the viginity.of the iplet 112a. In addition, the
e R 5 ot A W AP S AR 8 e s,
turningditsedlyendygermhbothtncTadvetnayebule et ot Wadtein doe wakhsuitaging of

the W%Tgszérﬁ)?r% i@?fg%ggﬁg %fﬁ\ﬁﬁgc o\%}c v 1essircl;~| stolrle %ci:gdr?%xde%gyﬂr%vc\i/v%i%g%he
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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In addition, inside the housing 111, the turning flow, wherein the gas
blown out to the outer circumference of the impeller 113 passes through
the passageway between the bell mouth 112 and the side plate 132 in the
axial direction and is taken in once again to the inner circumferential side
of the impeller 113 (the arrow Yi in the figure) can 5 flow more smoothly
toward the inner circumferential side of the impeller 113 because the
recessed part 112d is formed in the bell mouth 112, and because the

SUASCEBHhENUELIL EHH SVEI PBIRIIRTHRRAIBIePRYdgetha g asdip sate and
noise ALOHWEAIRB IR TARIPIAR 138 aHeseby ThuRiHeRGe B?otﬂ?&d"_\‘fi’rllzl?ﬁ]gnd

surface flow is reduced, turbulence in the turning flow in the vicinity o

dashedding iadicete e edpesmenial wataokbe anslicciade dandifeinasrialyheithout
I | i e end part on the
the e R L s S oL ot BT e e PRI 08 BRhRR
squares 2adisiadioflithe isitlegbéatbel @2pareveané giadas of et ntlaély isdd daral €0 of the
sition on the jinner circumferential side of the side plate 132, both the
preseﬁv%ﬁn%u?gg{:neeﬂi@%g@d \f‘ﬂrtg t%‘l% W&%ﬁ)ﬁﬁ%%ﬁﬁﬁﬁw ﬁ?&g‘%@ direction of
thecdSrimpetethdr3danacd the srpistiplate, 188 sitlss 2R R Ak shifasRade fan
flow X, and the turning flow Y1 merge smoothly. Thereby, turbulence in

110 offaerBiRsRi S ERIImEinPSRRREAT N BN L SRIWRT Hirhthe imwthplade fan
210 fAIYErTdniS-AISO E8ANERIEINTRRYMRAVEIREL sﬁﬂ%rﬁf’é@ﬂ?g?%%e (e.g., a gas

merging caf the wall surface flow X, and the turning flow Yi.
flow retrpERMENTAEF RIS 2biapedsien withaibengarpboy sftectsrsitions),

thus B8, j i ' erj onducted to.
s e e S AT R S ot o
be cagdedibyibemettibladeifdurblotthe thesknt enthodinieiy affesismeistue to the
. performance and yentilati rformance. Therein, a multi blade fan 210
provusggrrxn ﬁ?éﬁéegﬁsﬁﬁ%gﬁﬂ% %qg#%ega{ﬁ?é‘ the impeller 113 and a bell
Mo uitidRich WHBQUtA cpeesped PartAB sl Bas R RAL-IAS S YME fbw rate
FIG. 7, as a multi blade fan for comparing performance with the multi

condifipagevas 5% f6r the pralihiedmuient 9n daWAdhe wRs feyaratewas 7
m*misiz@ et dhaitREeYsE S SN 158 pARCTFISHL hePhigsdameiry Aldhess min’1 for

impeller was 260 mm, and the width of the impeller was 70 mm, for bo
the miis higgelfan 219 4aadies sryameresult 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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213. - 15 The results shown in FIG. 8 were obtained upon measuring the
gas flow rate and noise value for the two multi blade fans 110 and 210.
Therein, the plotted circles and dashed line indicate the experimental
data of the multi blade fan 210 (namely, without the recessed part of the
bell mouth) for performance comparison, and the plotted 5 squares and
solid line indicate the experimental data of the multi blade fan 110 of the
i elPrre‘F temEodim.eg; :Egagwely, with the recessed part of the bell mouth).
PETREL diﬁa? WE 18 LJ S of the experiment, the noise value for the multi

bietdeday dslehelihenoresent egaisarinéniveas BrpgaMsahedIBdowsh plate

than the multi blade fan 210 for performance comparison, under the same

131 agd R IPHAREINGHEALLE B IR I BHBA st e [SaRFEIDIe (0 take
suffiRAiR RiaRes: N O gap deuideisnapeliinna thus

emonstrating superior noise performance. As explained above, this is
Seconddughetimssicaused by the reduction in turbulence in the flow in the

et t .
B R L R e R S P fon
110 ofythe flivst eavbotisremt ditiorentsatbicsm i @watobthdd|tam dfifhsetip flows into

. h 7 /mi iopal d 754 min-'
e A e L0 a4 e Vo e N 129 (fulence
in the thevaib@aest nvaminiiained erenperessiter gamibew e sen e Sow
Consequently, it was shown that the motor drive needed to obtain the

createfwhepAaeHi | eTaee ovs merars T BRARIATAY0 having the
rRCRIPEMER tNthRL RIS MaN b eos A gstaNiR R BudiIade fa0r2R) of
without the recessed part in the bell mouth, thus demonstrating that the
protrugingi Rase3fede BLO RISYIARH ISuberramvestiRaoRT it opinatiea Babed part
o120 S S Y AL G e
flow ohthia theeSpdhpdittiddd, fas dHdwof ith€ [grekbent renfbibolivimenéx@ins the multi
blade I}/ilcn)l?il‘ll;d%'i‘-')til*nzexf:??*'glslze)alﬁ't:'(—:ernb_odfment, 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.

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

17 -



10

15

20

25

In 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 plate 131 of the -16 impeller 113, as shown in FIG.
9. Thereby, as shown in FIG. 10, gas also flows in the gap | between the
main plate 131 and the housing 111 through the interblade parts 134.

Thereby, jt is possible to take sufficient advantage of the volume of the
shapel 6K MoK RBLA ST bE S Bt PR UeRs PILORS A e AR
outlet B4 pvith the recessed part 112d in the multi blade fan 110 of the first

embodiment prevents the breaking away of the flow of gas that flows into

thhfana 28 Heke e eeh mottl heffiembpdimeiie 3166Y, mawh 312 is
arrangBHUGNAZLIGOREHE SRR HifY YR She! B AGGHIP1 1L iérﬂ%qﬁ%ﬁ%ﬁ is

o reduce turbulence in the flow 10 created when the wall surface flow
formehéhrgeainiion ghidingihél vletarsitditigyrnedllendfidbabe fist3IRefiswranged

so th rg% ?}5

mbediment lucality, of pratrudin r 2e are provided in
C nngeec%itrtl%g(;g p%rﬁcﬁ%%t%v%e‘r){fgh Ce&r\%)g' !(|cfi)"€3§1‘r§f13 %%fg %h%?%’?cr’ep%’elﬁs\%ﬁ Eé?ts ent
embo8iAdndf fine el rmaiiith3 1.2 han dhuh dpsvasteeam e viahef flevboll theuth 112 of

recessed part 312d, as shown in FIG. 11. The following explains the multi
the il FGHE 181 310 O B CEP PGl SR T8 (S RHERI 91 Protruding
parts SONSTAHLTEAN QR Thtioddbl PhRIABE SPLFtG] iopicisidyHeiatting
%31 ecifically, a cross sectional view taken along A-Ain FIG. 12) of the
parts f BI&RS f%?ﬂ@i%%‘ﬁ&ﬁ@ﬁ@@é&&ﬁ@%?@&waﬁﬁéhﬁ eygd gantB12b and the

recesQS@iﬁﬁtasH’ﬁ%!‘a‘ﬂﬁ‘é(r@fat@ﬁg%]ﬂg%@@é’&éﬁﬁr?ﬂrpth?eociTrEEr%@%ﬁ‘éi B of the

blade fan 110 of the firs odiment, the multi blade fan 310 comprises
inlet 2 anpekdodn3nd Houkirng H hdiZh endetrentwimpe itor BBaB fheyhptotr@iedrom

o o SRTB MBI 7, R M B s eI

toward e Bhue sapesis the izge:le?);iénm thadftioh einb edinadtyt od peotnadialy parts
312e ergcrgé)zgtwgrranged 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 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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25 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 -17 shaped box body from a plan perspective, and comprises an

311 a and utlet 311 b. Th bell th 112 of
R R B CE LRSI e SHARRAIRS (Rek HEBOarE RS e

ratio IRESIRAGRA LR %&hqﬁpmmm%hﬁmwmt@t@m@uﬁtfmmﬁm HaQERIRt to the

for guiding the inlet gas to the impeller 313. The inlet 312a is arranged so
outer fﬁﬁt”i% 6’@36&&@%@%@@%@% 88p Hrare i EAle PLEP Ruitheiadtee ey equal
to 0. Bpéﬂge‘gtssetrp%)qlment the bell mouth 312 has a shape different from that

of the bell mouth 112 of the multi blade fan 110 of the first embodiment,
dmddmpns@sthmmmhymbpmm@@mem@aa&mfaaﬂ&mhctdnurmt a plane

3151‘0:%9’8&% dgﬂ'?g ?qu %ﬁ '8‘1%@%%% “B’o%c oi%“s%' 1{)%%@? 182H%n31 fo

earr She connee ing portion between the curve
the rothﬁomatez%ldwa&bt@lédﬁmb&mt@mdad snseead aeatidal thehe surface of the

ferential djrection of the Jnlet as shown in FIG. 11 and FIG.
lat b2 100yl ¥ SO Gy R o P AR Hovth e gas
when bg%ﬁmﬁwm\n@m@m@%&megmg%Qﬁwatpy\/ﬁrgc@ﬁow ) is
side ogposne the impeller 313. In addition, the plurality of protruding parts

such that3h daegraqhbbranmeatiiféanio that they oppose the recessed part 312d
Apntiarhe rPri‘ﬁVfHé’%@%ﬁ%mﬁd&ﬁeﬂ%‘?e@&'ﬁesg&ﬁ AherpbAIL Y the

protruding parts 312e are illustrated in FIG. 12). The following explains in
angle @efanrmé sttrtimu:retm Bié)yltha|@Jmfaﬁerm©@$§etﬂ\pardeaqmbeﬁmmemhpeiier
rthe

313 b’ég anen Iargeédil E—? 1(,ﬁa(teltpl%ts e(\:lif(g{rjl erF {@E(Segeesg §h
presepbehﬁicﬁﬁmémet!b@bimeuﬁewmf dsetioyith a8 eSpandliBefplshestaading
from the Paint 7 1o The. Boint D& greater than 0° And lase dhén gos <t the

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
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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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 25 of the recessed part 312d that is
most recessed on 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 312c and the recessed part 312d

in detail, the surface of this portion on the side opposite the impeller 313)

Smoothy Bk BS (FENIAPBDIAL 20 WP HRiBHESBRORETPeer 313 side of the
PEIHR ARG P UMD as R AT UHMb bR Wﬁﬁ%‘ﬁﬁfﬁmgﬁg%ﬁtg% of the

same as the first embodiment, the ratio of the fength (pr' from the
presepprmopdinilile potonthpomnihp axit ebxsesico tidheltersingidd tpR'

' 6.t I (PR, ] |
oo O TRAIE 7 b E FOBBISIEUER SR SR o
the postomevdsetidtfasicunto dintent pa pdeine idd & éohmexinay diftdallydida dstieerefore

int B' an Ithe point D' is substantially orthogonal to the rotational axis
as sm eaé-%‘?%ﬁi % positioned in a plane identical to the surface of the flat part

IR OPERATON aapasie thelimellap8leafonsequently, the flow of the
3as WhenKpassing through the vicinity of the recessed part 312d (the walll

hefedawing ixpipint haparatien AbtsesuHicblaasuians 9 adinmbRiG 11, FIG
12, an??l@.e‘ﬁﬁ.”ﬁmmnﬁ@ SR (ﬁéb\?&?@é@'ﬁ‘?%ﬂ@%}(ﬁ%ﬁl@ the wall

ormed at the point D' by the plane formed on the side opposite t
surfacgririend iepivimgaligve idhaivigiity fdtthamcsessad pastidhzd of the bell
hc‘L)r:‘:EmferentiaI 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
Df ingreattbibde 0 @10 lessptiratedbyniddidit e thetsuGadetnerihiee impeller

impeller. 313 side of the [ d part 312d of the_bell mouth 312 _
313 o3 A AR ACE ST AL SO B ahil Bl (R R Bhghousing
311. The-@eNBEIfNAE BIsBaPe3nRlloWSRIKINRID IEhARA SR RIde PR and

332, the same as the first embodiment. In other words, by forming the

blow gl eamEAM 1% RIRR BelNEoiRe sy friendipsidenta Yonnaca@nthe
outer Hie SR AR 3dd SERENGSL RINPRE AR W24 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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312. 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 25 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 0-0 direction. The portion of each protruding part

h d id I
and 1R LG TSR LR S T 2R PEIRSSE T e peta 3120
Furthdnbreadaigns hethseiuding pagt Bedsdepimadsshs st Smbateyonthbes

joins the curved part 312b and the recessed part 312d. Furthermore, the

with a A QY FirGaeHb BRI PP R ARy BRae o o TP B SHBS iRl
co&ncn@@&b&?ﬁmﬁ@mHB%PFPWBWFﬁéﬁﬁqiéwfﬂ%rﬁ%w%%tmé‘oﬁfy'%@ﬂéws into

decreases is limited only to the portion where the recessed part 312d

the inlsiciidackand theHe abiaieh avireliaara-ColumuayemésmaseZndivg ﬂws along

R L T Y T

along épeattmdih thpans i 1@edanthiS4Onisithe et ;BlZEIGamélyaméFﬂ@v m@ of
G 14,is an,enlarged vie IG 11 Ialns the wall

the G e R 5 1908 R AT RO O SRR ok SeSB M DeTEan B

protrudfri@ded Inneith 343t tbitheauls bladefan 3&%&1@@@&@@&@@%1}4@&&1@ the

motor 314, then the impeller 313 rotates oriented in the rotational

flow dypderbR REFOEWAS (hRmatpieMYniS BNSRAyERY gAI8Y. all of the
biggies a3 i dhesEPRISE AL INCRANMLINRIRIRPE WS PEANGLLo N0 We

the gas from the space on the inner circumferential side to the space on

impeil@f@ Gutbreifeament Ridhsieertarech defival tefanefByods rﬁlttathreegriad@w
o v U e el sl e
to thetprd’imdm@p@“lﬂ&ﬁﬁéamﬁy, the same

Thereby, further reducing turbulence in the wall surface flow X; in the vicinity of
the inlet 312a enables the advantageous effects of reducing the noise and improving the
ventilation performance, 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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as the multi blade fan 110 of the first embodiment, the multi blade fan 310
takes gas in 20 from the rotational axis 0-0 direction, as shown by the
arrow W2 depicted in FIG. 11 and FIG. 12, and blows the gas out from
the outlet 311 b. Further, the wall surface flow and the turning flow of the
gas in the vicinity of the inlet 312a and the bell mouth 312 are as shown
in FIG. 11 and FIG. 14. The same as in the first embodiment, when the

o0 a0 R e AL B RS R VTR THE B AL 351 (ramely

the sindtoptieiraaking avwayddesadseidrfianssprivaidtiadgirmm tintatepace S2
formed by the provision of the recessed part 312d. Next, a portion of the

circunyfereatiRdofolp e IRAEpSEsRA Bl adesiammybiiade i dd@disint to
FIG. 183} 20418 RUEaptARNOR S ) A0 WMSHRINIIGHE tREQ NG Qﬂ@?%%e?%z

-20 and the remainder flows as’is along the curved part 312b between
shapegriifusmmeerethe Bide malehdtrabliee crnyartiprahaxdows abihg thelti blade fan
ng%ulgj@g arts 312e smoothly merges with a main flow W2 without any
10 (re 217 o . o : )
turbulence because its line of flow substantially coincides with the line of
fiSpeoffitediynéie flavti(thedsfaw 4AV2 pnifdBally ptrap fisvesantionethe 418tshaped

312a along the rotational axis line Q-0. However, the gas Z, t flows
the 2 SR R B e oA R AT TRV hls a0, ana
a bell withthe tasHahdawieds stangdienselushnghpersci 13e name Brws BHP110 in
_the inlet 312a. Namegyz the flow rate of the gas Z1 that flows along the

|
the firgd pekpgimestol _dddomdharareass i RaHSRE broelithadipiesbediment,
the ho@@ﬁ@fpﬂqrm%ds@a;i%%@%mmﬁah @@%&H%ﬁnsep!&%%égémwe, and

due fo the merging with the main flow W2 is consequently mitigated.
COMPNiseRcaV AN EEDaUEH thantor e @ i fieistidied uithermepcbsicrusppbsitell mouth

e e
embodimetkt,StlQomaprtsesedia?bﬁegaithj aagh&prpm@im@mwm&s’&@iﬂm 3¥32d that
s g e A S SR A D e
same BRIFRARNS HBWOTND AR 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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ventilation performance, the same as the first embodiment, and also
enables a reduction in noise due to the merging of the main flow W2 and
the wall surface flow X2, and an improvement in the ventilation
performance. 20 (3) MODIFIED EXAMPLE In the multi blade fan 310 of
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

. directjon,of each interblade part 334 positioned hetween h qf the
the firsh Sootiper g e saepid eodltienb i IS Aciacehoitdo citput At
least thdi(ad8. feenThatahthassadumindrdCtidiOo b aactisotddiaitn e gapifioned
between the main plate 331 and the h%usin | 311 through the interblade

betwestHigaemottHs alyatity Jodets P hRb2 QBB AkneidredmRalier 413,
thus MakimeQideenBaseetRamesng ddAtalBits ErakedimenirAlbepabde the

multi blade fan 110 of the first embodiment uses as the side plate -21 an
housig@dibr side plate 132 inclined toward the side opposite the main plate
Othéf]‘éﬂwl%ﬁmw%léﬁs the side of the inlet 112a, discussed later) when proceeding

from the outer circumferential edge to the inner circumferential edge, a

mitt: blzaie fexpiitegeforbod FIShid Bf ibaliesenicptabitocdraseisioy the

impeller 413 that uses a side plate 432 5 shaped the same as the side .. .
crav o] P R R D L VS TR B aE T TR e i
understGodlih Speciicety dhe maodiflaketaéan A1 bcpeffeiped webarifgsaitihg from the

impeller 413 shaped the same as the impeller 13 of the conventional

spirit a0d AR PIHBSRIEHI8e fan 10, and a bell mouth 412 shaped the sarhe
ag gheefiprowimbidrefHbaravihiaderian dHddaikeHie 48lpt the present

. embodiment. In addition, the same as the housing 111 of the first
invenbasbiscarant bindenausiagpiisiigasdronallfd iy ipeXov@ydinelinge hiages, the
| ompyi i .
Prese O B e A B e AR bR e
to a cérdrifefahtantthal abéshe gadtirbtadbdantationef thesfilsedimboainreatradial fan,

a turb%o{gl?,rg’r?g t%g |Pk|gt g'nlc% %loa\l.w%%%e (gjepsagtu?}nzg ’d’ilré% a%%%%%t‘%n érAé:eLacz: sttrﬁ%t
rotational axis.
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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15 is annularly formed so that it surrounds the inlet 412a, and a flat part
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
20 is a point D", and the plane formggy 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

1. A cOafifidacrsaMeNANAS 243036RD BiR RYGHYE e LBHBLIRRCEAIIBAME and
flow in the VICInIa{BOf the inlet 412a is re% uced, thus enabli

blows {58, E4B AN [ FERSL AT S DA PR A O o eparisias
laranafior, @ttln@l@’rmata Husimtedaibisasotateaptalienia theshelhnouth

41 the e fan 410 to pro di rts the sa

R AT vt A TSRS BB e RS R oS that
etrdmamemami ﬁmﬁﬁierednd@rremaed pianptovadhehaehtlafidhthat forms a
performance. In. addition, alth h
e R TR RSB (e s Sy eS8 Aileenilthe
duotrztiideatieharisidtiet foondgmibinitiel gaatiosaidiroesdarof each

Wh,:‘i,elraterblade part positioned between [each of] the plurality of blades 433 of
a main plate 431 of the impeller 413, thus maklbg it possible to take

sediitiest avdhtelge of iie 4bRiasor firs BpECd biehé 1Bhdgapthatextends on
Qﬁée&ﬁaﬂmmﬁet%mm ghevs eémamgéeb&gw?moé% PigSaNtn the

invention based on the rawmgs but the specific constitution is not

liFAREY ¢ eREsR BradiEnsiandhahiniprsedsdbe ioRinna misiion)asgd @
iong may e effegtet \itaeeldenar bng feomnbeciioLamsicntgl side in

scope o the invention. For example, although the abo%%'nent ned

DAL A DOt R2 B ESESRoRR AR WAL it BRR ST 2P Eo i aag forms

agaicnpade fiadng feavanciclingd blades, the
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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present invention is not limited thereto, and it is possible to apply the
present invention to 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 axis. 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

tghkesiimeas 1o the Folatonal axls g@ﬂté@%%ﬂ% blows she médfe}etdrso that

a direction that intersects the rotational axis. -23 Claims 1, A centrifugal

fRPPPPSes SR TOpSHEE taﬂéséhﬁ%%%ﬁ’%t’*réﬁét?&wéﬁ%@sﬁ?é@t@ﬁféﬁﬂns a

Hewes dBe HagAnEipRsiipelihthatintessedts fhed@iationaliams iRy the
comprising: an impeller (113, 313, 413) that rotates about the rotational

A9 lRESIOB NG BHes e Mol 9aR IRFald MBS Bf2a, 312a, 412a)

wheretranged so that it opposes said impeller, and a recessed part (112d,

SRR LPUTE Hemy e TeRPo AL A i BEgrie e NIt aipros on

Siiel druee e whiereintidadidelf mm@&&&&m;tﬂm&ha@mﬁﬂmpﬁd in the
(11 412¢ that xte s.on, the quter cir fer
ra:ﬁal egfl ?ﬂ% dd fﬁ r{ﬁf mta & %%%@ ﬁa?%&asgﬁg %%d%

recesse par )|n e radial direction in a
|msmmnh@rtﬂatlaﬁabaﬁmmaEMW%mempam(a_ﬂrzmtamm@enmlkﬁide in

thal ?é%‘?él%ﬁrggt%}? SlCHEyRere ﬁlt'fb\%r'@tﬁ@q&ﬂa@ﬁ’érdgﬂgt'%@fﬁgf%rms

recessed part towar e impeller side, and that forms said inlet (112a,
339, ialep &) 12ad%E %@rﬁéﬁ%ﬁ a0q C") of said recessed part that is most

recessRm o8 the '@*P%‘ﬂ%&é‘?’é‘c@s@@é'ﬂ%ﬂeﬁﬂé’tﬁé@ﬁd@?@@@é&@%ﬁ%ﬁﬁe impeller

connecting portlon (D, D', D") between said flat part and said recessed

osie dnacsiiearbABASHImREIRPEINS Sl IHESHRACRAGhERidN (B Epetween
Bsdiaatuasitsaid cHiyedRadang-sRidAece sRtiBaLd on the impetler side of a

connecting portion (B, B', B"} 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 the ratio of a length ((pr, (pr') from the center of the rotational
axis (0-0) to the connecting portion (D, D', D") between said flat part
(112c, 312c, 412c) and said recessed part (112d, 312d, 412d) with
respect to an outer radius ((PR, (PR’) of said impeller, i.e., a length ratio
(cpr/cpR, cpr'/(pR’), 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
3. The egﬁﬁﬁe%aa% blows $he gapoutiraidireptioninat ipterseeisrthe rotational
axis fo- ), com%risin : animpeller (113, 313, 413) that rotates about the
foRationS Eiis; ah 422 A HENGRSTATG B5932DPA%ES Mg/ IMpaliehbat virtually
(kR t%C%?@rﬂﬂe%@l( 'bdgrp@aﬁ;@dd ) mi@il) GRPAses said ngg&etr(ar%asmc,
recessed part (112d, 312d, 4 0 recessed negative :
B 58 83) ot AP QLA T RARED SRR
BiaByuidendbe Euel gas/tal said (Mpeties \@beddibbsardhiaalldnentizs4@d Dart is
312,.412) has a flat part (112c, 312c, 412¢) that.extends on the outer
Eﬁ%ﬁﬁ‘f’é‘ Ht%ﬁ?}%%%O%FL%éﬁ%@S%éodﬁBa?tx{%@, 12d, 412d) in the radial
direction in a direction that intersects the rotational axis (0-0), and a
—._ Curve ; inper, Gl f 1al
4 e B T B e R S R A
whereiand that forms said inlet (112a, 312a, 412a); and a portion (C, C', C") of

said rReesRetPart shal s Bapld ecarRrs PR ARCINRRIE rgéz'%e(@ 2e) arranged in

positioned on the impeller side of a connécting portion %ﬁ) D', D") between
HedenansaingrePsien (ECbBebMasaYy S HAF IS RS RN Y ISR 1RO thegll I Epeggasd
obR CANREHINORRHION BB d Bphehvarh sridarumadipesianosald said iniet
recessed part; and wherein an angle (8, 8') formed in the connecting .
poraah BeMVbEh RIH YRR pHRvaR LRt e dnpslies Hdf By B RaNEREHRY Portion
BLawddpkinmmesen theisite aarPRie-thed 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



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") between said flat
part and said recessed part is greater than 60 and less than 90. -24a 3.
The centrifugal fan (110, 310, 410) as recited in Claim 1 or 2, wherein the

Qg}(115, 315, 415) formed on the side opposite the impeller by virtually
linking the connecting portion (D, D', D") between said flat part (112c,
312c, 412c) and said recessed part (1 12d, 312d, 412d) with the

6. The GRIMIGRIH RErtion)(B18' 4BL) betvweapsaidhersad priit bE2haBd 2bthrough

. 412b) and said recessed part is substantially orthogonal to the rotational
Claim 3, ¥N@/8) 4. The centrifugal fan (310) as recited in any one claim of Claim
LdhroughsEiaimas: (whkteht sdjdibel nmwatin(342y furthed Bastapltcalitp ofds

prot uﬂi ts e) ged in the connecting portion (B') between
?gfg & ?3%(? %iaart %%bf%%%psaid recessed part (312d) and aligned
spaced apart in the circumferential direction of said inlet (312a), and that

: lr. i h i : '
7 oo AR 9 1 BB o P oA AR el
whereiecited in Claim 4, wherein a portion (G') of said protruding parts (312e)

DALRIPLAE Mast andhe side opposile thempelekisAasiioned JetRon

the side opposite the impeller than a connecting portion (D') between said

flatadian B2z GhdPsarddletdiyved pateot 33123%) #1Harbentiigas RRout
(OB Pt O3S 4881TEHIEANONS &I AL Glakm A dhErEdR: GlRINBR: each

wherein said recessed part (112d, 312d, 412d) is annularl)é formed so that
ifixaeréRgal 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) 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,



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 side opposite 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) on the impeller side
has a shape that follows along said side plate. 8. The centrifugal fan (110,
whereiB810) as recited in Claim 7, wherein the end part of said curved part (112b,

| ATy ; ) . A S
REMBIT e e DRSS e oo
priecskiesaildoRANENgEeRED hREBiIt@verlaps 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

10. The cRIRBIGEHSRIEH Aith! & Sa sraiivdbsceiRin g Siana B furthgTrramgamwitn:

Motk 3ddanglia)  formacdssmihahibepreres: said mpalies(hia,
g%‘ﬂgﬁfg) and a gasnoéujgtlet (1116% 311%1, 411E) f(?ﬁ%egd on the ogter >

ENa ik ABRO%ES SRR MBRB!FRA Hou sdS bAaCimBERUBBIWhkIRIr | $RidaEmed on

mewhiE bicdideddidsspevisiesdiraithatsaildaletifldalrrd12a, 412a)
.opposes said opening of said housing. 10. The centrifugal fan (110, 310)
whereis vecited in Claim 7 or Claim 8, further provided with: a scroll shaped

katsing! (hbluBihavipyiapoperiogtlhba skl mido(mied sb1 Haatipposes
gﬁ%ogggrﬁﬁlgdégﬁé)aelge‘hrogsllgg%%, and a gas outlet (111 b, 311 b) formed
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 blade.
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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 %f gre enting turbulence of the flow in
the vicinity of an inlet. A multi blad&’t rﬁ? 10) is a fan that takes gas in

frohe prestationadstds [preiddd) slicentifoinddnlenisdbie ag@VERtiAg turbulence
direction that intersects 5 the rotational axis line (0-0), and com(gises an

of the ki 18 ¥4 MRt BRINRWITY Y 2499 Efnddie iy Rrenriiatdakas sias in from
a rotatfEPEBEONALKISANGIOcBdnThRi hadhiaaH Sut1asa andelRd{ii£8htersects

arranged so that it opposes the impeller (113), and a recessed part

the rofationp! adafinaHL et Y ZOMRESRSrAS I Redes $EtPh egdtn dgtessute (112).
o . . : . o il ) the | ;

The ;riﬁrgggﬁre@(@%zs_{%ge%%amqus StRRIISE MRS HAIVIRSIR PR 2) 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 space (S4)

facing the impelier (113) side, and guides the inlet gas to the impeller (113).
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