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DESCRI PTI ON CENTRI FUGAL BLOWER AND Al R CONDI TI ONER

W TH CENTRI FUGAL BLOAER 5 TECHNI CAL FI ELD The present
invention relates to a centrifugal blower and an air
condi tioner having a centrifugal blower. 10 BACKGROUND
ART A typical well known centrifugal blower includes
an inpeller having a hub connected to a rotation
shaft of a 15 notor, apghrey@rapfanged to face the
peri pheral portion thereof in a state spaced fromthe
peri pheral portion by a predeterm ned distance, and a

Pterval & CRYRINEAL 454 Ohuy AR S e e

the shroud and thgIperCplerakFypart saowek the hub 20
(see Patent Publication 1) A centrifugal blower having
no shroud includes an inpeller having a hub with a
central portion to whighyarch ﬂtﬁftﬂg shaft of a notor
is connected, a plurality o vanes 25 arranged on the
peri pheral portion of the hub at predeterm ned
|nte%MgI§ |Sen elg%rc nferenL g dj rection and a
bel | nout h* Fa¥i hg an fo?nf% BLBBr £ DeafRbr hfugdl dplower

andnhakalsldenditibﬁernngbhﬁg gsggnEgggﬁ% aPubl bgation
2). 30 Patent Publication 1: Japanese Lai d- Open Patent
Publication No. 11-101194 Patent Publlcat|on 2:
Japanese: Lai d- Open Pa on No. 10-185238 1
The centri fugal bIoweErBjeix gsggl %%h Pat ent Publication
1 is often used as a sweep back vane type centrifuga

bloW§rtypical well known centrifugal blower includes an
impeller having a hub connected to a rotation shaft of a
motor, a shroud arranged to face the peripheral portion
thereof in a state spaced from the peripheral portion by a

predetermined distance, and a plurality of vanes arranged at’

- predetermined intervals in the circumferential direction

between the shroud and the peripheral portion of the hub

(see Patent Publication 1).

A centrifugal blower having no shroud includes an
impeller having a hub with a central portion to which a
rotation shaft of a motor is connected, a plurality of Vénes'
arranged on the peripheral portion of the hub at
predetermined intervals in the circumferential direction,
and a bellmouth having an air intake port located at an air

intake side of the impeller (see Patent Publication 2).

. Patent Publication 1: Japanese Laid-Open Patent Publication

No. 11-101194

Patent Publication 2: Japanese Laid-Open Patent Publication
No. 10-185238
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(i.e., aturbo fan) that has a conplicated structure

in 5 which the outer dianeter end of a vane end is

| ocated rearward fromthe inner dianmeter end of the

vane with respect to the rotational direction of the

inmpel ler. Further, a large nunber of vanes are

arranged between the shroud and the periphera

portion of the hub. Thus, in order to produce 10 such

an inpeller, the. hub and vanes nust be integrally

nmol dethankrd: sihingred, biliwedr ice quridiscke d rs epakatelPyblication
1nust ge joined with the gg{ded body. This is .

probl el 1599 G the Vet ofaideyRf RIdidhdadd blower
(£ost, d5.0he G idband Welofesald fied Jeb AL in

Publication 2 is often used as a sweep forward vane
whthde tdentqytagaliangtowererd .&f a amia aoeb ifsadpcltatd

[ e .st re j.n i.ch the er di anet,
o eng %ds af%ga{nnet%}e;#%glc% at éidl afHFe\g%ﬁNaﬁij] q‘$ % F&%en ﬁ'éﬁ"
redipaet dro etk afottdhd oranie ddiddr tiespest the tihkRedQer. Further,
rotational direction of the inpeller. However, the ‘

3 SR TR D & 3TomeTc @ Ten @ 1operaad disdivessi §8e shroud and
t KW Y AGH M a1l &3 Wildy det Q:rh'eorhl%tbe. u'ﬂaﬁgs 9115(%1”(5@{ to. produce
casing is wused. This is problematic fom t he aspect%
sugh s s mpsrldduct ithie. amtd eost va2ie sDNSEIEOBERENGE g THIEL y
I Accordingly, it .is an object of the_ present
moil%%?#a e Hélghq&iseprgﬁﬂl idgme?aéfﬂflre&genilmst be
Jjoderdr Witgalthlel meeHed38oligVi NG SHPEET BFoWBSSatic from the
roductivity and enabling cost reduction and an air
aspERdiSt ConBESKaPrRGUSHdRNa 288N Coistugal bl ower. 2 A
first aspect of the present invention for solving the
above problens is a centrifugal blower including an
i npelkher cénhaviifngad hilbw2rwitbcaibedt 1al Ppoeht OPublication

2 ggng%%%%dused as a sweep forward vane type centrifugal

- blower (i.e., a sirocco fan) that has a simple structure in

which the outer diameter end of a vane is located frontward
from the inner diameter end of the vane with respect to the
rotational direction of the impeller. However, the
aerodynamic performance and operational noise
characteristics will deteriorate unless a spiral casing is

used. This is problematic from the aspects of mass

Aproduction and cost.

DISCLOSURE OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a quiet and highly efficient centrifugal blower
having superior mass productivity ard enabling cost

reduction and an air conditioner having such a centrifugal

'blower.
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to a rotation shaft 4a of a notor 4 and a plurality of

vanes 5 3 arranged on a peripheral portion of the hub

2 at- predetermined intervals in a circunferentia

direction. The vanes are provided with front rinms 3a

inclined toward the front in a rotational direction.

A bellnmouth 5 is provided wth an air intake port 6

arrang N elle

The BontFeruaarPhf oabr S Pefrelt Srpbefyl B8 Hiving
thei nbokat prgblbnw 12 53cgﬁneﬁah@ditb16W@m1Dmélﬁdpﬂga@n

, et _side. of the | eller 1, flow back into the
lmPﬁEéﬁFeﬂ aviRg apaggngh\"éﬁﬁhat RENEBAF ReHelH ‘f‘Pr%n%CFFEd

O'Qtﬁg%aEQBh QhQEttﬂg o?ehlﬂgHBP @ aﬁé N pusiT Ve anes

makes it possible for an inpell havi ng sweep

3 aypengadesnreppesenhedalfpor9xanpbé thy laub tUrdo fan

t . 2_whi fl t_from
orpflet 8BS L BEebY IR e nper it Uafarep P1Sh bt bithn . e
vahBkOathep28viapel WethlfreasskNEst Ba ough 1 Med reda sd dehe

of the air intake port 6 of the bellnouth S. As a
frppéulp, enaPhabhienel o FECHASE ndt &aldewutie Sy dfeproyided

witB dhawa.to,the db§£?2 e§£r§%g§d0£ttgﬁ %ﬁg?ﬁn@aﬁg N of

25 C|rculat|ng I Npr oves alr spee
thdi smpebleiron Thetd&n&n&ﬁuq&ﬁtbkuweaﬁlslﬁmnm@@9$03that a

. € rovenent of aer ynam.c erf or mance and
L FERTRETER BB oboria asta i At 30 b ool oo e & g ot
sighregdths mg@u:@ﬂ 1Ih§1bm§£&§rlﬂto Cile bang®l ded 1, ang
integrally, which makes it possible to sinplify the

pPagfrhbronehahlereeieesife ebstherasul tntake ort 6 of the
beigygggﬁngnt in mass productivity. 3 A second aspect of
e present invention for solving the above pr obl ens
is a centrifugal. bl ower including an

This structure makes it possible for an impeller 1
having sweep back type vanes represented, for example, by a
tufbo fan to form a circulating flow f, which flows out from
the outlet side of the impeller 1 and is drawn back into the
impeller 1, passing through the rear side of the air intake

port 6 of the bellmouth 5,

As a result, main air flow f; passing across the vanes

-3 is drawn to the distal end side of the vanes 3 by the

circulating flow f;, which improves the air speed
distribution in the exit portions of the vanes 3, enabling
improvement of aerodynamic performance and reduction of

operational noise.

Moreover, since no shroud is required, the impeller 1

'~ can be molded integrally, which makes it possible to

simplify the structure and reduce the cost, resulting in

improvement in mass productivity.
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inmpeller 1 having a hub 2 with a central portion

connected 5 to a rotation shaft 4a of a notor 4 and a

plurality of vanes 3 arranged on a peripheral portion

of the hub 2 at predeternmined intervals in a

circunferential direction. The vanes provided wth

front rins 3a are neither inclined toward the front

nor the rear in a rotational direction. A 10 bell nouth

51is provided with an air intake port 6 arranged at

an abrseaecaReaspdetobt hbei ppekket. ifthenceahr Fbugablving
med so that ci_rcul a flow f2 is

| f
thge%QEaFggroggePFoﬁFoﬁtCFP ﬁ%gﬁgaﬁtkig%§Fdén6@ugﬁ€g an

impapekken Aavihewabagk 2'ﬂ&@htQecbﬂg§hheﬁo%tléﬁdceﬁﬁécted
through the rear side of the 15 air intake port
Lot ReTBERLABOt ARBLLTARSOSt PUBPLPE AakvE Rtppossibtg Hb6rvanes

3 QPrggggﬁlsg it %Q?YQng§YES§r9§SE L pgpggﬁgge 8k to

represente _
prédeheamtheduiatengaibomnf3 mmrehmféﬁéﬁtiglOﬁlréé@ﬂbﬁheThe

out| et slg impeller 1 and is drawn back into
VapRE PhpEffed ﬂltgagggﬁﬁ FRAFSUdR £he RehFherdénsiingd
torhfdi thakerRf tndrofnthechel Aot P bt ASna T g§g&&tlon, A

- main air flowf, passing across the vanes
be i} BORtR 05t he RFeYatlednd] hdan of it henvakespSr bys t hieranged

clLrc t es t air
at QECHLE | e A8 QUNLED LIBLOYES ! Mt ariBiFhoal
bl@wmmﬂ1$mﬁorm¢moy@nem&to£ acrodyaeih§ Pesk of rARC A ated
uctlon of operational noise. 30 Mdireover, since no

to_s WP TeRfhiFedPUtHet i fide | ef fhe clpEL el Hedflow back
int At eeE aldyye1 W ch Wﬁ%@spégsp9§§é&%ﬁ Eﬁb éé&@'éidét§§ the

structure and reduce the cost, resul In
aly g G i 6 mebstipe ddsul:lmwitty 51t | s pr ef er red that
the vanes 3 in the inpeller 1 are

This structure makes it possible for an impeller 1
having sweep back type vanes represented, for example, by a
radial plate fan to form a circulating flow f, which flows
out from the outlet side of the impeller 1 and is drawn back
into the impeller 1, passing through the rear side of the

air intake port 6 of the bellmouth 5.

- As a result, main air flow f; passing across the vanes
3 is -drawn to the distal end side of the vanes 3 by the
circulating flow f;, which improves the air speed
distribution in the exit portions of the vénes 3, enabling
improvement of aerodynamic performance and reduction of

operational noise.

Moreover, since no shroud is requlred the impeller i

Can be molded integrally, which makes 1t p0551ble to

simplify the structure and reduce the cost, resulting in
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entirely inclined in the rotational direction. 5 In
this structure, the vanes 3 function to draw in the
circulating flow f2 generated by the ring body 20.
This generates a strong circulating flow f2. 10 Even
if the inner dianeter Do of the air intake port 6 of
t he bel | nout h 5 is enl arged, the strong circulating
I I te near the ring body 20
l’&fgﬁgﬁ%gtg%é FQO&ugEEQEk nner si de of the vanes
3. This obtalns satlsfactory fan performance. 15

Further, the vanes 3 in the inpeller 1 nmay entirely b

|ncIFﬁeﬂsoﬁﬁﬁgﬁfée?hEhFBtBFFOH%Feﬂl?e%%lB%e PrPehier T are
en%&&%@&u&ﬁcliﬁgdvéﬁe%hé FURGEEBRL 1 Ngt PE-2Po4i rection

that mmakes it difficult to draw in the circul ating

flow f2 generated by the ring body 20. Even if the

i nner_djanete i nta ort.6 of the .

bol | BUFRLE FErPealtat, ChhevabPEaf af iRGHHTBEY A4RY in the
ciZbusapohfl yiewr eul gdge negsd tihe tHNG bbbl Wid.howhi s

deeply entering the inner side of the vanes 3. This
gepprarns asatrepdcedrgutahiper f&prabice. Further, the

vanes 3 in the. inpeller 1 may include 30 vane tips

inclined in the rotational direction. In this

st r utvem ej £ t hiee vanesr 3dfameteonDd @ drtdw ian 1t Hetake port 6

orthhe RELLRGNERCY 45 BRIREERTT chilet FhePnd S T dvng  FLow
£, tdtiel 1 nefo i 1apred ef bt idie- aide IMRKOARBY 26 widthdute

bell mouth 5 is enlarged, the strong circulating flow
degpiy anferisnpobheyianeEushde pbakhe heanrengd bodpizo obtains

sa?%%?g%%tgfﬁggg gggggkﬂgnggg i nner side of thg vanes 3.

Further, the wvanes 3 in the impeller 1 may entirely be

inclined opposite the rotational direction.

In this structure, the vanes 3 function in the

direction that makes it difficult to draw in the circulating . -

flow f; generated by the ring body 20.

"Even if the inner diameter Dorof the air intake port 6
of the bellmouth 5 is reduced, the circulating flow f, will
smoothly circulate near the ring body 20 without deéply
entering the inner side of the vanes 3. This obtains

satisfactory fan performance.

Further, the vanes 3 in the impeller 1 may inclide

vane tips inclined in the rotational direction.

In this structure, the vanes 3 function to draw in the

'circulating_flow f; generated by the ring body 20. This
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satisfactory fan performance. Further, the vanes 3 in
the inpeller 1 may include 10 vane tips inclined
opposite the rotational direction. In this structure,
the vanes 3 function in the direction making it
difficult to drawin the circulating flow f2
generated by the ring body 20. 15 Even if the inner
AIRLQS Al of the bell nouth
ge@li i's tregdl?([:)g Otnt#;%é?ﬂrd(i:ll}l atl ?ef%%g}wff% will snoothly

C|rculate near ' t he ring body 20 w t hout deeply
e.lLnner _sid he vanes 3. This obtajns

t [ L,
50, SEOPD: it 6 FaAbe P aRREACe DI RO BBP & hhehRBRke port 6

ofl RARI béilamRifh @f1%h%n§brgb@ta%%ep%%Eon@ ofi k8 ating flow
bell muth 5 is represente , an inner dianeter
f2oWiihespanbsly Phrﬂﬁéatﬁp@eaérghq rsngeb®@3eﬁ®edlb?0ut

ooy 208,239, RS JEATAE Bl BB, VBHRS 3, s obroins

| sasasifatitedy Emntpe3fstmanture t he n1n|nun1spe0|f|c

"noise Ks may be lowered, as shown in Fig. 4, when the
nunber of the vanes 30 3 is small (for exanple, 5 to
15) rutbhsrf uphBegahBRr QVes @HEOQM @Tﬁ@rpfr%gynﬁﬂgfuge
and reduces operational noise. -D1) /(

vapg §apﬁsﬂn§dlWﬁénOpﬁesm@ﬁbéheototetvaneé almscsuah
reversed flow f' generated at the front rins of t he

vanes 3 will becone strong, as shown in Fig. 5(B)
and Thethigcetaticbgré) ovhé2vahethe rearcibasifnf thhe
vanes 3 will beconme weak. This inhibits the

leﬁﬁFbQ@n@ﬁ¥189 15 QéﬁgayHéﬁlEop@FﬁUrﬁﬁnEEe firculating.
£18w( Bo- %?%éﬁg%g&ﬂgyl§héagiré §§h the nunber of the

vanes S smal the fro “the vanes 3 will
not function effectively, as shomn in Fig. 5(A). This

inhi§%é§ if the inner diameter Dy of the air intake port 6
of the bellmouth 5 is reduced, the circuiating flow £, will
smoothly circulate near the ring body 20 without deeply
entering the inner sidé of the vanes 3. This obtains

satisfactory fan performance.

Further, when an inner diameter of the air intake port
6 of the bellmouth 5 is represented by Dy, an inner diameter
of the vanes 3 in the impellers 1 is represented by D;, and
an outer diameter of the vanes 3 is represented by D;, 0<{Dg—

Dy) /(D;-D1)<0.6 may be satisfied.

In this structure, the minimum specific noise Ks may
be lowered, as shown in Fig. 4, when the number of the vanes
3 is small (for example, 5 to 15). This further improves-

aerodynamic performance and reduces operational noise.

If (Do-Di)/(Dy=D;)20.6 is satisfied when the number of
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10 the inprovenent of aerodynam c perfornmance. \Wen an

i nner dianeter of the air intake port 6 of the

bel lmouth 5 is represented by Do, the inner dianeter

of the wvanes 3 in the inpeller 1 is represented by

D1, and the outer 15 dianeter of the vanes 3 is

represented by D2, -0. 3<(Do D1)/ (D2-D1)<0.3 may be
va%%%'%fh%dsmaﬁlthk%v%g %ﬁ%w %h ghgtgﬂghsgictﬁlcfront

noi se Ks may be l omere as's wh
rlmheoﬁumhervaheehe %ﬁlQaBESO&eIStkahge éEOEhewanmheFlao

This fuyrther .inproves the aerodynam c,
Eir o8 5&&ch§&&&8§ 6peFatfe bl ChRoF@er yims of the

vahle- @1),@/1(1@213@13)0%@ Febg . Sath S5 1 £oh WEAs L Hge NUIDRSvdfent of
25 vanes 3 is large, a reversed flow.f' generated at
aeﬁﬁéYﬁﬁ@ﬁﬁ peirgprofncke vanes 3 will becone strong, as
"shown in Fig. 5(B), and the circulating flow f2 at
the rear rinms of the vanes 3 will becone weak. This
I nhi bift 82t be-Dpr@senenti Ofsather oed aydranie number of the
erfornance 30 If -3?(Do-D1)/(D2-D1) is satisfied
&nSt hé ABAbdr &Pe £ReNVaré®s30fsthar ganeshd ¥ibhtnot

fuhbﬁﬁoﬁfekﬁgct§9§§y§ wi! knBoh 1£u?9h'0§$ﬁ §fech %?lﬁhhlblts
This inhibits the I nprovenent of aer odynam c

_ thgeifprasnventAcfi agrbdppagic2pehfvingnacpr edet er m ned

width in a centrifugal direction may be attached to

axial distal ends 5 of the vanes 3 .in the inpeller 1.

In thhensshuchbee, diBRef& P00 POENe 921 2OihO4RE It 6 of the

ogether with the inpeller 1 functions as a rotary
beélii@%zutlané tReTOPEEBSPEGdaRYi B Ofhe rﬂém%tchlraynaﬁesm of the
uges,arfat direct t] et

v T Eomt PR yRanees TR HA b B LE R Sl e pucer
dl&M@MﬁandfctheuVanéangismrapdeseptedebythe f-an 3< (Do~

Dgﬁﬁhigtﬁ?98?3 may be satisfied.

In this structure, the minimum specific noise Ks may

rbe lowered, as shown in Fig. 14, when the nﬁmber of the

vanes 3 is large (for example, 30 to 50). This further
improves the aerodynamic performance and reduces operational

noise.

If (Dp-D1)/(D2-D1)20.3 is satisfied when the number of
vanes 3 1is large, a reversed flow f' generated at the front
rims of the vanes 3 will become strong, as shown in Flg
5(B), and the circulating flow f2 at the rear rims of the
vanes 3 will become weak. This inhibits the improvement of
the aerodynamic performance.

If -32(Do-D1)/ (Do~Dy) is satisfied when the number of

the vanes 3 is large, the front rims of the vanes 3 will not

~function effectively. This inhibits the improvement of the
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and reduces noise. Wien a wdth in the centrifuga
direction of the ring body 20 is represented by H,

. and the outer dianeter of the 15 vanes 3 of the
inmpeller 1 is represented by D2, 0.05<ki=H D2<0. 225
may be satisfied. In this structure, as shown in Fig.
9, the m ni mum specific noise Ks is lowered. This

Q%%&; %g%%§mgpg caerodynam c perfornmnce and
ces ratlona noise. 20 It is further desirable
that 0. 1< k| =H D2_0.15 be satisfied to reduce n0|se

I f ki=H/.D2<. 0.05 is_satisfied, the effect will be
-reduéealnﬂf bRA¥HP D23 § boEing @aPF%‘fi%armm%df‘esMﬁ%.bﬁ a

ce@&r1€b@%§|@hk@&t&bﬁmhﬁ&lbebStQEEﬁ@Hegoag¥§£§ea¥sEQl ends
weaken the <circulating flow at the rear distal

ofpshe yasest 3t he threimBellFhi &.i Ahi bhis shproenenttbe

o yn nce., 30 A.dj agonal use
rlbgybé a%fa%gggoggEﬁﬁg QPFEPeIsty hogg?h%m?%éi?Fe
fuhetgondeaai & trbakriysdbkRynandt thE thecosipel betidn of the

di agonal |y rearward. |In this structure, the dynanmc

rofpe¥s@iski AnAHESE B FPHALHPBM SuFeEEormt hEOW nbel te 8

‘ outietf irebentlymr ehur Psnte the ﬁﬁfg'fééﬁ‘%ﬁ?gw%hé”Hf%charge

greatly contributes to inprovenent e performance
leWhandlglrhughtlegfftoﬂnaydaMMpromeaothe)faﬁ Ber fhenance
an? eg onal centr|fugal di ffuser 23 may be arranged at

he“outFet "€l of the inpeller 1 to guide air bl own

out of the inpeller 1 in a centrifugal direction from

a diagonal rear side. In this structure, the air flow

bl owPeBuE VidRRtHe thpeterErifegal cqlibI?ﬁCF"leIétQﬁ nish¢ oring
boé&abbcléorgﬁﬁéééﬁﬁe&rﬁg‘HY”QH&CERéeééyéde %?r of the

grea

equal i zes the air speed distribufion an

- vageat Bi bat eket bompaptevehens ovépthsented by Dy,
- 0.,05<ki=H/D,;<0.225 may be satisfied. 1In this structure, as

shown in Fig. 9, the minimum specific noise Ks is lowered.
This further improves the aerodynamic performance and

reduces operational noise.

It is further desirable that 0.1<ki=H/D,<0.15 be

satisfied to reduce noise.

If ki=H/D;$0.05 is satisfied, the effect will be
reduced. If ki=H/D,20.225 is satisfied, the formation of
circulating flow will be affected adversely tc weaken the
circulating flow at the rear distal portions of the vanes 3.

This inhibits improvement of the aerodynamic perfofmance.

A diagonal diffuser 23 may be arranged at the outlet
side of the impeller 1 to guide air that is blown out of the

~ impeller 1 diagonally rearward. In this structure, the

dynamic pressure in the air flow blown out ffomﬂthe impeller
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performance (that is, high efficiency and | ow noi se).

A circul ation space S may be forned at a peri pheral

15 side of the air intake port 6 of the bellnouth 5 to

allow passage of the circulating flowf2. In this

structure, the generation of the circulating flow f2

is facilitated and ensured. 20 When an exit  side

j . of anes in,the, inmpeller 1 is .

l'Eggggéé%tééhgf rgﬁﬁ%ﬁhq%ﬁ%é?*ﬁ?éh@?@ﬁSHFerheTh6§ng§e%tly
cdret migprtese rice d rpy o2 BtD230 thi3 peg roatlaslbee -t hEH S5, high

structure elimnates the problemof fluctuation in the
effiicienNivanichd oM P SHe exit side of the inpeller 1

and obtains 25 stable performance. |f B/ D2<0.113 is

satisfied, the air flowline f, at the exit side of

t he iFpehleer, 2 wikbohlalcteatte ifoge ladififasairr 23f hay be

et LR RGN U

- blvawl dutr @Fulthel Anpeahanp 1drep Of-chhe 1PaLEAr BBRES.t1TRe from

hub 2 of the inpeller 1 has an outer dianeter D3 9
a dhagonglsigielresidgan Thetbisestaiaberer Deofirhélow blown
a 3 I [ tru e, peni.ng. 22.is forned
ouf 3o they Ik Ts3 1Y Bt AT IR0 ERL 80807 cE 8 B
préssulten firbe diyagonal preistuneer 2Bioredihel thegorigé air speed
d.cgntéifu al diffuser 23 is S_grovided,,the di schar ge
LPESHEEALE 8P AESA Vi CORTBILOWN eGuto LRBRPVRBCPANES She
pek&o&%ﬁﬁééd«tﬂﬁeniEDEhﬁéhte%EQ%iEﬁbgthef15Qen¥§9§§.3
of the inpeller 1 is represented by B and the outer
di aneter of the 10 vanes 3 is represented by D2,
B/ D220 j isfied, This structure eljmnates_ {he
o oblertor U EEpharPahe: & PRy hry ToPREA P e PefipheRal
sidgi bfsitte efrt hethkpebber % evenhef bbhemogXht 5Skdeallow

height oL the vane 3 of the inpeller 1 is
Passage of the circulating flow f,. In this structure, the

‘generation of the circulating flow f, is facilitated and

ensured.

When an exit side height of the vanes 3 in the
impeller 1 is represented by B and an outer diameter of the
vanes 3 is represented by Dz, B/D;20.113 is satisfied. This
structure elinminates the problem of fluctuation in the air
flpw line f; at the exit side of the impeller 1 and obtains

stable performance.

If B/D;<0.113 is satisfied, the air flow line f; at the
exit side of the impeller 1 will fluctuate more as the air
flow increases and the circulating flow £2 will eventually
obstruct the flow passages between the vane 3. This would

result in a sharp drop of the perforﬁance.

The hub 2 of the impeller 1 has an outer diameter Ds
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decreased. Thus, stable performance is obtained. 15 If
B/ D2<0.08 is satisfied, the air flowline fl at the
exit side of the inpeller 1 will fluctuate greatly and
the circulating flowf2 wll eventually obstruct the
fl ow passages between the vanes 3. Thus causes a

sharp drop in 20 the performance. |s preferred
thighat gt e S ller 1 be
g abersah e cremeect b, B2 e

Inshbws shrEcguré, hheopenhngnﬁSpegrfoﬁmQQISﬁ 5spéﬁlpmgral
ower e nunber of vanes 3 is snma

be . whe
pof%ﬂgnePFengxgﬂy ?09 stPﬁevéﬁ?%d§naﬂ“ﬁ”béﬂ?%ﬁ%kﬁﬁﬂ?al

digdseredycgs eﬁsra&beeaglneéﬁemku Ls @iﬁﬁ%éﬁdzﬁ
the .nunber of the vanes 3 in the % i npe
pregiged, Aghghdmchﬁrgegsesiatanqe4@15 tie abxafihbe, blmem out

'frgg tﬂgﬂ@ggegf t@g u%ﬁ% is large, the maximum

I'C pressure ef y ratio nmay especially be
i ncreased, and the nrnlnunrspecific noi se nmay be
| owered. 10 This further effectively inproves the

aer oliyRAntRe et of h%%c}eela‘iﬁléit r%‘%l u*'efees Gperatd onalthe
1mﬁ@l§8r itiksy é@éﬁ@gdtggt WH§§Q5 fgrt£$% ¢ the

the 5 |np ler 1 be shown T |gs 14
vaaﬁa 80i s whenr ¢ fien hedbey Dﬁ,tﬂﬂ92>0aﬁ631§ bathiaffgedandrhis

19 72, , t he_pmaxi ressure .
st BT Enel Lt o B R BT LT P bt LR G b yin e air
flcbrnCIEﬁéeﬂl aandHeheexti thigNe FediHd GripRi19@ MY R@n if the
mnimzed. This further inproves the aerodynamc

exbbr § Hiorehekolh P @%d%esverper%u%rrsne nigiesel Tam lanisair
deepélsiééaonerhdgﬂcl ) a% N @gag%%b%%&}l% gand a

[ ower X arrange dict 21 N a casing
If B/D»<0.08 is satisfied, the air flow line f; at the
exit side of the impeller 1 will fluctuate greatly and the
Circulating flow f; will eventually obstruct the flow

passages between the wvanes 3. Thus causes a sharp drop in

- the performance.

It is preferred that the number of the wvanes 3 in the
impeller 1 be 5 to 15. 1In this case, in the present
invention, as shown in Fig. 4, the minimum specific noise Ks
may be lowered even when the number of vanes 3 is small.
This effectively improves the aerodynamic performance and

reduces operational noise.

It is preferred that the number of the vanes 3 in the
impeller 1 be 20 to 50. As shown in Figs. 14 and 43, for
example, when the number of the vanes 3 is large, the
maximum static pressure efficiency ratio may especially be

increased, and the minimum specific noise may be lowered.
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13, the above centrifugal blower may be enpl oyed as
the blower X In this structure, the centrifuga
bl ower effectively exhibits its operations and
advantages. This greatly contributes to inprovenent
of performance and cost 20 reduction of the air
condi tioner. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1
[ i-cal c [ s
T P S Shar k1 vadibral ey chroa Prredmita rent
pegffotrhencpr esentredovest bperakigna2 nsiaef.ront view
showi ng an inpeller of the centrifugal blower X1 of
the first enbodinment; Figs. 3(A), 3(B) and 3(C) are
crosgtsest ﬁ@@@lerweamrﬁhaéotﬁgsaﬁ%webx %H@\Aﬂvageeﬂaenm the
parts of three different nodifications of
lm@éﬁﬂﬁrf&géﬁ BlOower 781 of the first enbodlnent, Fig. 4
is a characteristic diagram show ng changes in 11 the
m ni mum speci fic noise Ks relative to a variable
 k=(Dns Eﬂ%WﬁDQnDTIgBD lheaﬁQHBleuﬁéh bhewetm$drobrt hge
first  enbodi nent; Fig. 5& IS_a cross-sectional view
Vagesa3mdPnlpare aBdV\ﬁEﬁUI!% 8 te dari shremaxampumppgatic
préé@ﬁrése§f§59§ﬁc§695tggaﬁ%yvb§ eeiaﬁﬁg P@'@f@@&&l%@fg
.6 is satisfied vert
lncressegecandnahevmemﬂmhmMBpgcaﬁlcanolsenmbyibaemiﬂimized.

nc ating the centr bl ower X1 _of the first
Tl R ChPRRRE MpkersS The atuyRaBly procetuabifonar
reﬂuemspr@kaglanageﬁbibéuga| bl ower X2 according to a
second enbodinent; Figs. 8 (A) to 8(L) are
cross-sectional views respectively showing main parts
of nPgléﬁcgifogénQI Qﬁercfgéiu%fgglabﬂgﬁgre%ghgﬁgégelS

second enbodi nent o e presen
and a blower X arranged in an air duct 14 formed in a casing

- 13, the above centrifugal blower may be employed as the

blower X. In this structure, the centrifugal blower
effectively exhibits its operations and advantages. This
greatly contributes to improvement of performance and cost

reduction of the air conditioner.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical cross-sectional view showing a -
centrifugal blower X; according to a first embodiment of the
present invention; _

Fig. 2 is a front view showing an impeller of the
centrifugal blower X; of the first embodiment;

Figs. 3(A), 3(B) and 3(C) are cross-sectional views
respectively showing main parts of thrée different
modifications of the Centrifugél blower X; of the first
embodiment;

Fig. 4 is a characteristiC'diagram showing changes in
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15 invention; Fig. 9 is a characteristic diagram
showi ng changes in the m nimum specific noise ks
relative to a variable ki=H D2 in the centrifugal
bl ower X2 of the second enbodinent; Fig. 10 is a
characteristic diagramshow ng changes in 20 the
m ni mum speci fic noise ks relative to a variable L/D2
[ e i £ | bl X econ
i e T T T R
Dlthéﬁwﬂg)ann ame cendirtifogenl B2owWwe@OKROs At ting fhest
m%ﬁ trlf%gal bl ower X2 of the second enbodi nent; 25
& i's a vertical cross-sectional view showi ng a
cent n;llfgugal abl 9¥et X303sCordingnbe GiLhi be BMhodh Bt
Fig. 13 is a front view of an inpeller o
Wh@@n&#@fGgaﬁaﬁﬂéﬁeﬁdXSacﬂ fhe.t hi(Bd émbedcment: sEcgloﬂdl
chara [ agr showi n ha 30 the
VB E OB BokS: BB RrLr B oo Y6 A VS abi o
k ( DB‘ing)S/ (B2aDiprinchbeceestrbédgabnbl owesw XSh&hitdean
third _enbodinent; Fig. 15 is a characteristic diagram

alghG5RPAG ELRARGeS: | FRCAEP Rt Hiski Hifn epieler Fiugabileovwesr X1 of

_théek@gggeehgogﬁggntn the centrifugal blower X3 of the

hird embodinment; Fig. 16. is a characteristic diagram
shothg chahges Vﬁrtih@ls¢a¢$s—@ee53umalreiémisﬁanng a

|n the 5 ce r|f bl ower | X3 of .t he
cehPfi fhhal Blokhr R SRS 19 e Rt EHe iRt
showrngs changes t& g the fexioperilonet abescogfdisi ent
pmax . (the maximum flow rate coefficient when there

feége%liﬂ%wr Fhpui nenmpbR ngarFof of chedl Thtabitys ref dthwe
ceﬁ@rﬁf&@alnbigﬁefeﬁtBEngglsg Bﬂﬁrem%g %egE E?etﬁhlPresent

enbodi rent; Fi g. 18] vertlcal cross SectI'ona
inggiohi og: an

Fig. 9 1s a characteristic diagram showing changes in
the minimum specific noise ks relative to a variéble ki=H/D.
in the centrifugal blower X, of the second émbodiment;

Fig. 10 is a characteristic diagram showing changes in
the minimum specific noise ks relative teo a variable L/D, in
the centrifugal blower X, of the second embodiment;

Fig. 11 is a vertical cross-sectional view showinglan
air conditioner Z; incorporating the centrifugal blower X, of
the second embodiment; - |

Fig. 12 is a vertical cross-sectional view showing a
centrifugal blower Xs according to a third embodiment;

Fig. 13 is a front view of an impeller of the

. centrifugal blower X; of the third embodiment;

Fig. 14 is a characteristic diagram showing changes in
the minimum specific noise Ks relative to .a variable k= (Dy-

D1}/ (D2~Dy) in the centrifugal blower X; of the third

embodiment;

Fig. 15 is a characteristic diagram showing changes in

12




10

15

20

25

30

air conditioner Z3 incorporating the centrifugal

bl ower X3 of the third enbodinent; Fig. 19 is a

vertical half-sectional view showing 15 nodification

| of the centrifugal blower X3 of the third

enbodi nent; Fig. 20 is a vertical half-sectional view

showi ng nodification II of the centrifugal bl ower X3

I 1y d 0_Ei ertlc

o s iiow eRes KS readrireatton Friibi Cthe
cepéntirfigadab lblewe K s X3f Otfhé hemhdireimb@@rh@éimﬂent Fig.

22 is,,a vertical ﬁlf sectional view show ng

cent Fi-fagdf BFofeFNsEagteblalrhg 9éa§rFBUFPﬁWlng changes in
th%”@@@&ﬁ%nﬁre%éugbgre@§th§eat8h@5@05§E'%ﬁb% Qhaghem

show ng changes in the maxi numflow rate coefficient
cegpik ugehe bhaxieruis fo Durhe atlel cdedfibed amenthen there

isn et epi e in s_ref er ce, val ue=l

ol ati5 £0 BPop e tReLEenEFT FuBirbERRoRBr iddof feRkes in
theouakhmenbadoweptte380&Fgic24ntSpRakeith6ahaximum Flow

hal f -secti onal view showing nodification | of the
ratenfPrLhdSt eBFolBrN XBheEet ke RBufleReréabalipenPeirpg.

-re%érbﬁc@ vl hkcal PQ&%E§€&tt8n?/DV'?%%§ﬂpyb§%r%5§ al blower

nodi fication |1 e centri ugal "ower
Xsfolrthe @nbodierémdin€n; 26 is a vertical

T FEREL"Ed LSRN PR FECLLERLLSE, b ot an

alEIgonaZthénQrVE£tlﬂéﬂrﬂ&ﬂ5tﬁﬁ§“ﬁﬂ3“ﬂeﬁﬂﬁ¥f§?§%“HMbwer X3 of
nmodi fication |V of the centrifugal bl ower ‘

theotibthd ewbodiment:

Fig. 19 is a vertical half—sectional view showing
modification I of the centrifugal blower X; of the third
embodiment;

' Fig. 20 is a vertical half-sectional view showing
modification II of the centrifugal blower X; of the third
embodiment; |

Fig. 21 is a vertical half—sectional view showing

modification III of the centrifugal blower Xs of the third

.embodiment;

Fig. 22 is a vertical half-sectional view showing a
centrifugal blower X; according to a fourth embodiment;

Fig. 23 is a characteristic diagram showing changes in
the maximum flow rate coefficient ¢max (the maximum flow
rate coefficient when there is no deterioration is defined
as reference value=1) relative-to B/D; in the centrifugal
blower Xy 0f the fourth embodiment;

Fig. 24 is a vertical half-sectional view showing
modification I of the centrifugal blower X, of the fourth
embodiment; |

Fig. 25 is a vertical half-sectional view showing
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Fig. 28 is a vertical half-sectional view showing 10
nodi fication V of the centrifugal blower X4 of the
fourth enbodinment; Fig. 29 is a vertical

hal f - secti onal view showing a centrifugal blower X5
according to a fifth enbodinent; Fig. 30 is a
vertical half-sectional vieM/shomAng 15 nodification

T P T AL IO

enodi ifrieget;i on 11 of the centrifugal blower X5 of the
fift@, n%odlnent 20 Fi 32 is a vertica
hal f F3€ct “8ndf ¢ SRTEAGRING2LkoarFEtdaPRrONVEEN shovREY

mcRBMHildAudal talrower X %%DEQQfB@%ﬁhbl%WQQdknEBE tﬁ%gfourth
33 is a vertical half-sectional” view show n

embadjgante and operatlon of a conparlson exanple 25

h
oo EanRoRd 08 houb e R R 2 B Bpha iy rhyano

- mohblidiesa tX5rofl vt be thbftEnQﬁHQ@bﬁﬁnbioﬁég-X§4of5t@e fourth

Hé)ertlcal hal f - sectional view showi ng the structure of
&t'i onal centrifugal blower having a 30 shroud

as a hepgcC r f pficatiLon f
Che cautr P Pugal 2of ousi Cx8 Bpfracr PP R bngbafnehwi S
mofiigic3dsipy ¥ gfapheshewimgfubelnbilsecrerducsf othef f@ctth

mgf gndlflcatlon I1l of the centrifugal blower X5 of
ﬁg e Pth 14 enbodi nent in conparison with the

conpatigsonsexamyl eerfifal 38al §-3BLIHERNt }l oy show1ng a
cross-sectional view showing the structure of

cepSptfrpadabloreneks aeereiirg i aa sfidth @mmbnmmm 5
Fig. p34.1802; ¥eLtL,6RL 1 CLPSRA$ECLLOPRLL Y] €W show, o 1%86

modification I of the centrifugal blower Xz of the fifth

.embodiment;

Fig. 31 is a vertical half-sectional view showing
modification II of the centrifugal blower Xs of thé fifth
embodiment; | |

Fig. 32 is a vertical half-sectional view showing
modification III of the centrifugal blower Xs of the fifth
embodiment;

Fig. 33 is a vertical half-sectional view showing the

.structure and operation of a comparison example

(corresponding to the blower shown in Fig. 19) in comparison

_with‘modification ITT of the centrifugal blower Xz of the

fifth embodiment;
Fig. 34 is a vertical half-secticnal view showing the
structure of a conventional centrifugal blower having a

shroud as another comparison ekample for modification III of

the centrifugal blower Xs of the fifth embodiment;

Fig. 35 is a graph showing the noise reduction effect

of modification III of the centrifugal blower Xs of the fifth
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structure of the centrifugal blower of the sixth

enbodi nent; Fig. 38 is a horizontal cross-sectiona

vi ew showi ng the structure of a centrifugal bl ower

according to a seventh enbodinent; 10 Fig. 39 is a

vertical cross-sectional view showing the structure

of the centrifugal blomer of the seventh enbodi nent;
el GindQ 4 S 2 nori zont al ﬁs% secti onal vieM/shom%ng a

centri ugap'gpgﬁgf 5880P&. P& SRUBRGHERTeREBHPIEAL

15 Firgg.43s6i 3saavabt:u@aht@noa@og@cgé@e@bnaﬁewléhog\haﬁlng

the structure of the centrifugal blower of the eighth
thenisddivsdiee pifga gentsifuradi Pdavar eressdipet tenal sixth
enHcfWreh@w ng the structure of a main part of a _

testing éxanple of the 20 centrifugal blower of the

e|ghﬁhgenﬁdduﬂeatveEtgcaASekesa—géaphoﬁﬂbmhﬂgwtﬁﬁow1ng the

rek& |onsQ| bet we t he performance and the nu

780 Ot BhRo LB LR Al Sod L BB e P It KBS cahHERf BRaPAinent ;

b|OW@EgOfBBhﬁsebgﬂbglgﬁﬁggln@Péss£¥Qctf6né§ @1% rih &R ng

hal f -sectional view of a testing 25 exanp oW ng
th@h§t§PF@§F9r@foﬁ @ﬁétﬁéﬁpﬁﬁiu@ébWbro&e¢OoﬁlDGhéOeaghehenth
en®IPed Fig. 45 is a horizontal cross-sectiona

Vi ew s mnng the structure of a centrifugal bl ower

accofdgng3poia ai nthtieabodiroestse30idhgl H#bew Sslowing the

vertical cross-sectional view showing the structure
stEpctHecceAt FRFUGENthl6Wer L oL ewer np At WhrenbonrmEnt ;
embbBimdAtkS a horizontal cross-sectional view show ng

the structure of a centrifugal blower according to a
tent Rigisdenbodi neprizoftygl 48 $s sewkidnghlview showing a

‘ceﬁ%?%%ﬁﬁgftE?gaérvécg6§ggﬁgn@otQg eighth embodiment;

Fig. 41 is a vertical cross-sectional view showing the
structure of the centrifugal blower of the eighth
embodiment;

Fig. 42 is a horizontal cross-sectional view showing
the structure of a main part of a testing example of the
centrifugal blower of the eighth embodiment;

Fig. 43 is a graph showing the relationship betwéen
the performance and the number of vanes in the testing
ezample of the centrifugal blower of the eighth embodiment;

Fig. 44 is a vertical half-sectional view of a testing
eXample showing the structure of the centrifugal blower of
the eighth embodiment;

Fig. 45 is a horizontal cross-sectional view showing
the structure of a centrifugal blower according to a ninth
embodiment ; |

Fig. 46 is a vertical cross-sectional view showing the

structure of the centrifugal blower of the ninth embodiment;

Fig. 47 is a horizontal cross-sectional view showing

the structure of a centrifugal blower according to a tenth
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structure of the centrifugal blower of the tenth
enbodinent; Fig. 49 is a horizontal cross-sectiona
view showing 5 the structure of a main part in a
testing exanple of the centrifugal blower of the tenth
enbodi nent; Fig. 50 is a graph show ng the
rel ationship between the performance and. the number
in the testing exanple of the centrifuga
emgﬁd%@gﬁgf the tenth enbodinent; 10 Fig. 51 is a
hori Fbgt ali8Cchess- 3@2ti@ﬁ§|cyb§§F§B@ﬂ&6ﬁaltb§eﬁt§H§&9ﬁ§ the
of a centrifugal blower according to an eleventh
SLERBbBF Reff; th?gceﬁﬁrﬂ§uga¢eP@P68F efosbeséentbnanbofiément ;
sho t tLug h t I
the of Zuenth 15" cnpos nant  Frocosgertahas, PLEk, Sowing
theressuSEUteonﬁlavmemnspamtngn HhEestnngtHKEmpﬂeaof the
cor twel fth enbodi nent;

cent u a
ce gﬁl%gﬁa?agéovgftPéagh%rgggggeﬁ BHaRCHFéw showi ng t he

20 SFI@CtEDelﬁfatﬁﬁaﬁﬁngﬁb&99@|t@éOE@Ia@foﬁgﬁlﬁwﬁéE&$bn

enbodi nent; Fig. 55 1s a vertical half-sectional view
thg hpQF AgrirpRCe sRRdcEDe enprbar ceht vakagalnbtbaetesting

di o1, h d .

e BERE L FOLAP, BhbLIEEEN o BIRRhPrERe nEon L Pt e

a nmafFhg pa¥l iw &hmonﬁmﬁmtéhg@fo@$eme&tDén&heview showing
thth'éteegth enbodi nent ; “g 57.is a horizontal

TrobEYSELET okl VPR ShbW Al PLAEest 2Geptdbnanko an
clopeiahi oMofihderain part in the 30 centrifugal

bl ower of the thirteenth enbodinent; Fig. 58 is

hor i Zaht a2 ck®ss-eeetionkl cmwmwml helewtshumiime the

st ARSORET S | O Of e ey AR, BRTL, L (Do, Cent1Lfugal

ower
embodiment;

Fig. 53 is a horizontal cross-sectional view showing
the structure of a centrifugal blower according to a twelfth
embodiment;

Fig. 54 is a vertical cross—sectional view showing the
structure of the centrifugal blower of the twelfth o
embodiment; |

Fig. 55 isra vertical half-sectional view showing the
structure of a centrifugal blower according to a thirteenth
embodiment;

'Fig. 56 1s a vertical half-sectional view showing the
structure of a main part in the centrifugal blower of the
thirteenth embodiment;

Fig. 57 is_a'horizontal cross-secticnal view showing

‘the structure and operation of the main part in the

- centrifugal blower of the thirteenth‘embodiment;

Fig. 58 is horizontal cross-sectional view showing the

structure and operation of the main part in the centrifugal

blower of the thirteenth embodiment:;
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16 Fig. 59 is a vertical half-sectional view show ng
the structure of a centrifugal blower according to a
fourteenth enbodinment; and Fig. 60 is a horizontal
cross-sectional view showng 5 the structure and
operation of a main part in the centrifugal blower of
the fourteenth enbodi ment. BEST MODE FOR CARRYI NG OQUT
THE LNVE N_10 Several ,prefterred, enmbodi nents of the
ot GSERE | RUCRET Gn” ChET T e bEcP T BEEO AL GBESY| SRS the
streteneaceft @ thatracagapanybRgrdaavbngsng( Ebr st fourteenth
Embodi nent) 15 Figs. 1 to 6 illustrate a centrifuga
eMRPEWBENKT 8RE an air conditioner Z1 according to a
firsg;enbadi aen ; e i ' As -
shown i Brgss 1 ana 2 FRe earei oG CBTbugrefahaing
thpr etrdetiuwiet Bndnoprapeklien &fi achadnngaatdisktsaaped

hub . ith,a centra ortion to whic .rotation
Cegﬁ‘éﬁ%uﬂ\gﬁoplgweﬁo%r %Rgi SOBBEﬁEEFEdeﬁaagémﬁP rality of

vanes 3 arranged on the peripheral portion of the hub

2 at predetermined 25 intervals in the circunferentia

di recti o®ESE BENETSHEh CBRRFAVIGN §USN T&Er TNNESREOPort 6

is located at the air intake side of the inpeller 1.

As shown in Fig. 2, the inpeller 1 is of a sweep back

.30 vaereetypeptéferred énbboifeant$ype)tha phesdnt hiemvention

front rimof ach vape.is inclined toward the front
with OB iRt etpafiarn HePeit CuhbRt Faferencantoutior

acgbﬁ§§ﬁ§gn§ngr§piggsgach vane 3 is |located rearward
froman inner dianeter end 3a of the 17 vane 3

relative to the rotational direction Mof the
(First Embodiment)

Figs. 1 to 6 illustrate a centrifugal blower X; and an
alr conditioner Zlaccording-to a first embodiment of the

present invention.

As shown in Figs. 1 and 2, the centrifugal blower X; is
provided with an impeller 1 including a disk-shaped hub 2

with a central portion to which a rotation shaft 4a of a

‘motor 4 is connected and a plurality bf vanes 3 arranged on

the peripheral portioﬁ of the hub 2 at predetermined
intervals in the circumferential direction. A bellmouth 5
having an air intake port 6 is located at the air intake

side of the impeller 1.

As shown in Fig. 2, the impeller 1 is of a sweep back

vane type (i.e., a turbo fan type) in which the front rim of

'_each vane 1s inclined toward the front in the rotational

direction, that is, an outer diameter end 3b of each vane 3

is located rearward from an inner diameter end 3a of the
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inmpeller 1. Wth this structure, the ratio of static
pressure increase occupies a large proportion in the
total pressure increase of the inpeller. This
elimnates the need 5 for a spiral scroll. A recess
2a is formed in the central portion of the hub 2 to
house the notor 4. A notor fixing portion 7 is used
fi x the .ot ;N 0SS r ot at gbl
v porte ehe 16t bs r o R e B e st hnea
impeﬂdkmraingWitMgtﬁlscgmm@@t@r@xlahedretﬁb endstofid he
he air intake port 6 of the bellnmuth 5 has
prﬁﬁsuﬁﬁancaﬁﬁﬁﬁtQFCEBl?ﬁa? Lgrget Prerpetdpaater thRafotal
pra@sufBerndirapBtebs 4R:DlpL14he vapgs ePIdEKE% the need
inpeller 1. Acirculation space Sis ?orne The
forear spiigfal(sceollthe peripheral side) of the
bel Il mouth 5 to ensure that a circulating flowf2 is
easily generated in a manner that it flows out of the
out | Rt reskde ph i8erbrped! en &hénéehﬁr&beﬁoﬁfﬁm @@CBhe
%o the 20 inpeller 1 through the rear side of
h‘da FAt BRESBoFbeaMPRoTt e Helmalowk hf@umm@@trlqmt%k:es used

toPeik Enefmipg bgl !l @lﬂéﬁﬂ ﬁg@%% Zrotsa{t{%l%t l%%)%&ﬁts the

as shown in Fig. as’ s
rofFpgiog(Bhatfbria @fatb@ moa@e as showwnnfbﬂanhgiﬂﬁag dn
n_the inner_di aneter of

resent.e od
coppgelh rEf Tt hee Bl & 05 "Theche) YHOBEN3S 1o
- represented by Do, the inner dianmeter of the vanes 3
of the inpeller 1 is 30 represented by D1, and the
out eFh el aket et afe thr tvaneaf the belbbresentodidy 0P, inner

dléﬁ@%@rdbnggégoQg %E@ BELLLO %%E%%Eytggg Tg }pper diameter

ere are ren vanes

Dl@p%ﬁéﬁi@mn&md3adﬁhnm&ga$m@ﬂlkhe]abOEECQEGUEBEugﬁ|space S
r,wi,/)l, now be des Egd In t he above structure

bl o
5 A et T a2 S T oot e ¢ R R Al S1de) ‘o
the %@Ihﬁcﬁhiﬂg Fitb nsure that a circulating flow f, is

easily generated in a manner that it flows out of the outlet

side of the impeller 1 and is then drawn back into the

_impeller 1 through the rear side of the air intake port 6 in

the bellmouth 5.

The air intake port 6 of the bellmouth S may have a

straight shape as shown in Fig. 3(A), a Wedge shape as shown

in Fig. 3(B), or a flared shape as shown in Fig. 3(C).

In the present embodiment, when the inner diameter of
the air intake port 6 of the bellmouth 5 is represented by Dy,
the inner diameter of the vanes 3 of the impeller 1 is
represented by Di;, and the outer diameter of the vanes 3 is
represented by D,, these dimensibns are set to satisfy O<(Dy-

Dl)/(D2~D1)<O.6. There.are ten vanes 3.
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so as to flow out of the outlet side of the inpeller 1
and 5 then be drawn back into the inpeller 1 through
the rear side of the air intake port 6 in the
- bellmouth 5. Accordingly, a main air flow f, passing
across the vanes 3 after being drawn into fromthe
air intake port 6 is drawn towards the distal ends of
the e e r fla
rg@gsgPErQ¥lBHs%égdggbgb%g%u ¥/E§etﬁ ng ?entrlfugal
blp@nem ond lohowt be maneslaedenhmcemtdn@o@@rs@tdmm:ﬁe
per f orna | owers the operational noise.

nc and
Clﬁ&P&&&éPg gﬂﬁ&fefﬁol%hg%%r%edr%wﬂre%dt he Heeim@gring rib 9
so”@%d%BQfQEthEt'H@ekhgroﬁtﬂétegﬁgﬁegf tHQ'§m§8T@E§ and
costs and provi des high nmass productivity Furt her,
thﬁﬁrbﬁedpﬁygehﬁCénbnanEhe lmpe&lehellhheougU|aheteeanf51de

t inta ort, 6 of th 5 i's
of, Efpa At S8TEg o DE0 FEne A FodPRHURENCl St nehrmibingly, a
math khe filopek| efadsisg r@(@f@§§n¢}€@ wnddl, 3 méf‘%@}ﬂgerdrawn
di aneter of 20 the vanes 3 is represented by D2, the
ingpnegelohbeaperséntake Barftsfyis drawn towards the distal
k 1 1).s0
orSECEEPIAER, g0 e TRSRRNREa G e

lmaEDUdynahecaperSpeudndestamﬁutmmar$nthheo®gtatp@ﬁaions of
is s tlsfled as

tth' se, 2§ en 0?7k= (Eﬁ Eﬂ% é 2- D1
ShIARPn Fi GHRABERAS, “hReaFrof¥ Al FalPeB PFRRRSS of e
lonanest Bedopasht i HATt honset f agtiaber and i tshidigr is
enhancenent  of the aerodynam c perfornance When
requipadpl e DPoBAYLBL 6P 5d1B4t pEf Fld, imme bhewnl i hs Remabled.

- mngéBloyarbeusteedalh év1§gsg§f§nﬁﬁ%§9%§ér&%§c P

di stal portions e vanes
while the circulating flow f2 at the rear dlsta

ort of the vanes 3 wil]l becone weak. This al so
P B et O R ettt | et the' Srmer

dlmét@fn@ﬁcehelﬁlwmt%rﬁ@f@S@%fn@lé hee1 MGEEh 5 is

di ameter of the vanes 3,
represented by Do, the inner diameter of the vanes 3 of the
impeller 1 is represented by D;, and the outer diameter of
the vanes 3 is represented by D,, the dimensions are set to
satisfy 0<k=(Dg-D:)/(D;~D;)<0.6. This lowers the minimum
specific noise Ks low as shown in Fig. 4, enhances the

aerodynamic performance, and lowers the operational noise.

When 02k=(De¢-D1)./ (D;-D;) is satisfied, as shown in Fig.
5(A), the front distal portions of the vanes 3 do not
function effectively and inhibits the enhancement of the
aerodynamic performance. When k=(Dy-D1)/ (Ds-D;)20.6.1is
satisfied, as shown in Fig. 5{B}), a reversed fiow £
generated at the front distal portions of the vanes 3 will

becomes strong, while the circulating flow f; at the rear

- distal portions of the vanes 3 will become weak. This also

inhibits the enhancement of the aerodynamic performance.
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D2 representing the outer dianeter of the vanes 3, and

Do representing the inner dianeter of the air intake

port 6Ain 5 the centrifugal blower X1 of this

enbodi ment, a m crophone 12 | ocated 45 degrees to the

front and one neter away fromthe intake center Q of

the air intake port 6 was used to check changes in

the m nimum specific noise Ks with respect to a

varlable k=( Do- D1) / ( D2- D1 Fig. 4 shows the results

obt alhédt. D10reRreaen beng ebe f Fomet Hbl aesid ©F Hate vanes 3,

s r a r eristics wer
R e T ey adges oHk B B8 o, B et & S oo
rapQHSEnglegbeﬁdednaem dandieteoner Z&e i5r ineekpopatinga in

t he c bl ower, X1_of this enmbodinment. |n this

f
R g ] R R UAGoR: 167 ol ¢ e T e B hhone 12

1o¥htake 43" Baggedsi BoaRhal &rgaet ahé 695 fbfet! Qway‘/ g’ﬁ'l the
is formed in a casing 13. The notor fixing portion

inﬁ@#ezgeﬁtﬁrng phRethst airdipsaker pedti fit egs albydwhohcheck

B e e (TR AR S E

udes an I'n
vadiabiepan (Dg;Dand DarDal I Fidt.l et PRfls the osihits obtalned.
structure allows the centrifugal blower X1 to

ItefPBcPRVERG ek hPBi FRPt 5e8WY bRt RpebusakisEEEOIThi s

op@?ﬁ@&bﬁalcﬁﬁléébHB§§aE9e§QQ§QE§”§Q£e'5bEan@§rI§r€ﬁQCPange

the air conditioner and reduction in co
0<kd8ifional |y, the optinumdiameter for the air intake
port 6 may be set to be 30 greater than that of a
conventional one. This suppresses pressure [o0ss in

the Big. félsleswd 7a afe i hnd+kibedfasand B tRiiar 26

1 respectively show a centrifugal bl ower

. Figs. 7 an
ln%%aﬂ‘aa%hn%.% he ol t ¥ bRega b hewer ding ft ¢hd sseadgliment .

enmbodi ment
In this case, a heat exchanger715 and the centrifugal

blower X, are arranged in an air duct 14 for air flow W that

. 1s formed in a casing 13. The motor fixing portion 7 for

fixing the motor 4 is formed integrally with a top plate 13a
of the casing 13. This -air conditioner Z; includes an intake

grille 16, an air filter 17, a drain pan 18, and an air

outlet port 19,

- This structure allows the centrifugal blower X; to

' effectively exhibit its advantageous effects. This greatly

contributes to enhancement in the performance of the air
conditioner Z; and reduction in costs. Additionally, the
optimum diameter for the air intake port 6 may be set to be
greater than that of a cbnventional one. This suppresses

pressure loss in the air filter 17 or the like.

{Second Embodiment)
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of the present invention.. 5 In this case, the
inpeller 1 in the centrifugal blower X2 includes a
ring body 20, which has a predetermned width H in
the centrifugal direction, in lieu of the reinforcing
ring 9.of the first enbodinent. In other respects, the
10 structure and effects of the second enbodi nent are
the same as those of the first enbodi nent. Thus, such
parts will not be described. The ring body 20 may
t akervasi onsanhapesraspsheWicl § sBéwFh 9SenBtMNub®l bicwer
8(L). The follow ng descriptions are only exanples,
X2 130 i Bl HIRGRAST L PRET the adcey diody t20 amep coakle embodiment
0 r not shown in the draw ngs. As
Ofs%%énp?gggﬁg.Hg?%f?agﬂé ring body 20 may be joined 20
to the axial end surfaces of the vanes 3. As shomn in
Fig. be attached to

é@% the ring bod ﬁ be
i ncl Thed™H%a§2S¢r o e heMhg le‘As showr e ncgr gt 1 g blower
X, the-nidis kody; 29 vy, 2e %Hﬁﬁherpaé?a tf?réd@ﬂér@ﬁ%ed width H

toward the hub. As shown in Fig
inceherFeuinl feadl oflirhetipng b@dyl@@ Qﬁytbe a@lﬂﬁorc1ng
cya f 0 ho in Fi 8( t he r|n
e1fEOHRE BHE R E0amaa RO It i e |
stanctuate suwifatee@da oﬂnﬂhéh§e©@ﬁdrém5¢dﬂhéﬁﬁya£@ Y same
fromthe hub. |In this case, the Coanda

be curv%ﬂ
25 ofhase héh%e??ﬁ% %‘%}ﬁ%‘?h‘f‘?%% ofThUshe sdiche Haditisng’i 11 not

befhow+ 2,89 As shown in Fig. 8(F), the surface of the
ring body 20 opposite the hub has a recess 20b. In
this case, negative pressure is generated within the

recess. 20! enh e 21 neration of the circulatin

row T2t g KA TRy, S e s 4 T o
Figs nog UD)dyt&08 O]ppOSI'Itlr% tﬂﬂﬂl@dﬁﬂ@)ﬁé@%\t&pﬁlons are only
examples, and it is obvious that the ring body 20 may take

other shapes that are not shown in the drawings.

As shown in Fig. 8(A), the ring body 20 may be joined
to the axlal end surfaces of the vanes 3. As shown in Fig.

8(B}, the ring body 20 may be attached to be inclined away

from the hub. As shown in Fig. 8 (C), the ring body 20 may

be attached to be inclined toward the hub. As shown in Fig.
8(D), the centrifugal end of the ring body 20 may be an
arcuéte surface 20a. As shown in Fig. 8(E), the ring body 20
may have a centrifugal end formed by an arcuate surface 20a
and the entire ring body 20 may be curved away from the hub.
In this case, the Coanda effect enhances the generation of

the circulatiﬁg flow f,.

As shown in Fig. 8(F), the surface of the ring body 20
opposite the hub has a recess 20b. 1In this case, negative

pressure is‘generated within the recess 20b to enhance
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recess 20b, and the ring body 20 may be inclined
toward the hub. In this case as well as in the case
shown in Fig. 8(F), 5 the generation of the
circulating flow f2 is enhanced. As shown in Fig.
8(H), the surface of the ring body 20 on the side
facing toward the hub may have a recess 20c. In this
g r t d n.the r ecess
T hancs Gona o O oor tho fer r At At Y r1iow 12
th;ﬁo SAg Telvewe fi thiei g.ing( bpdyt Be Sppb&ﬁ@eothbhﬁubl mgybﬂgiye a
rec 20 he sgﬂgh aci.n h Q@ g the hub nmay_have
rec8s€ “2oc 25 & T RGWYody PEYnRE B%CFHEPﬁnéﬂward the
huboward theshdbsel AstRE81 §8Sen S
shown in Fig. 8(H), the 15 gengﬁ'%%\?%%ﬁ% Sﬂcﬂ‘]ﬁ "fh G, SE
thej genrapitigrs kdwthe drenbahded. fAsws fipwis errhﬁcgad As
) oot ri od 0 be f d of a rel at
Sh%“ﬁ K" @ﬁ er%ﬁg€|néhérégg¥8C§uP$ag§§ Ebﬁgaﬁadﬁoég o the
Slﬁer nfadmg tbwsraat taehnebt menpdhand eepbrbEygabeentin this
respectlg . This enerates a snooth circul ating
& VBs PEREFHFnifi @en8{fkfedtﬁétwﬁgtlb%dlye(2©5$m%%
tobenhaneedgentracighabieveby Lbkek gprRer ar cuat e
surfaces 20d and 20e fornmed on its a tac " end and
on its centrifugal end, respectively; and the ring

body, 20 b | rd 25 the hubp. In thi
BONAZ0u 08 PEb L BTV 28 HDE I el SN voay 20

| onsnhethlderfubahgngoﬁhﬁmlEHelﬁuEeﬁ§§aﬁ£ﬁe ADSrShove 3dk, and

hub 2 may include an inclined surface’

the bgé?g %dYeﬁpoﬁaWh]@? elbpbined e%o@aécﬁ ethagthwl r adgedhis

caS¥Chsthaiithe incljped,sur 2 ncd jped Loward
t he glde opposite the %a%eé ﬂ% r%L ig§ 20
gelﬁﬁyabbomofbﬁe’dh@fCarcelatm@l ﬁld:wnl ﬁgk J.mermﬁ]ranlfr@\dl NgAs shown

ﬁf&at §(5§“rﬁﬁé’e§1§8db§é‘9 gf())emafl;?rbneedfgpmé Sofatat afehlrgetnltvely
"end® and

thick member having arcuate surfaces 20d and 20e formed on
its attachment end and centrifugal end, respectively. This

generates'a smooth circulating flow f,.

As shown in Fig. 8(K), the ring body 20 may be formed
of a relatively thick member having arcuate surfaces 20d and
20e formed on its attachment end and on its centrifugal end,
respectively, and the ring body 20 may be inclined toward

the hub. In this case as well as in the case shown in Fig.

8(J), a smooth circulating flow f, is generated.

As shown in Fig. B8{L), the hub 2 may include an
inclined surface 2b at the region where tﬁe vanes. 3 are
arranged such that the inclined surface 2b is‘inclined _
toward the side opposite the vanes, while the ring body 20
may be formed of a relatively thick member having arcuate

surfaces 20d and 20e formed on its attachment end and
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centrifugal end, respectively, and the ring body 20
may be attached to an inclined surface 3c (inclined
at a sane angle as the inclined surface 2b of the hub
2) forned at the distal end of each vane 3. In this
case, during nolding, the 5 ring body 20 may be
renoved fromthe peripheral side. Wth D2 representing
R di § vanes and .H representin
o ey SF e R Rs Ie Va0 ST (RS Rddint FRPlaP na? be
atdhceeﬁlmb iam uheldaﬁﬁrBﬁ&@@bebBQMﬂﬁnﬁilﬁ%dtBtsalgame angle
n1crophone 12 | ocated 45 degrees to the
aSf t rert m&ﬁr&“&ﬁie SHEttercaniy Ofr Gt Bel it akeTEedt af Ohef
dikhg1akhg bt dKeHPYLLe6 snastyseq; Lo QQQde899§%Qﬁoiéﬁng, the
the m ninum specific noise Ks Wth respect
ripgr pbablye 2Ki mHDRe Eegovedslions the pexmpherabtauded
15 It can be seen fromthe above results that
satisfactory operational noise characteristics were
obt aWwned Di Nrédiieesangend. 08k 10229 arfd¥ee¥ AW he vanes 3

Q.1<ki<0.15 is nore preferable. \Wen ki=H D<0.05 is
andaHj EppEgsephéngr £het WiAth 26 bber sdnselodwhaf in the

‘ceKtrt%Elezg§rbét§85'?B'EHe Egﬁg%?%HE%F %8% éz of this

circulating floww !l be adv weaken
embhélmenteubamnngophomealzthecaeaﬁ stﬂabraestt@th@ffront
t.he vane n its en?ancenent of the

R EePERFeQenfi Hyet AT

inthBéapeetbet wegnutbe tbngh@@ﬁychaﬁgéﬂdlhh@th&lHEMuﬁ
5, . changes in the nininmm specifi noise Ks wth

SpeesheetNedsa Harvhbherespechete @h@@kedblm gi=HAD,. Fig. 9
shéﬁgn?hghgegg§g%t§b99£§é&ed As seen fromthe above

res satisfactory operational noise
characteristics were 30 obtained in the.range
L/D%fo 169. shows a ceiling-enbedded air

con E|%%%fb%zge?%c§ﬁ?ﬂw2ﬁ?r@P?ﬁ% Eeftt s uRat bl ower
saXPs Pdcthey S€EOPEE 2Snal noise characteristics were obtained

in the range 0.05<ki<0.225. The range 0.1<ki<0.15 is more
preferable. When ki=H/D<0.05 is satiéfied, the effect will
be reduced. When ki=H/D20.225 is satisfied, the formation of
circulating flow will be adversely affécted and weaken the
circulating flow at the rear distal portions of the vanes 3.

This inhibits enhancement of the aerodynamic performance.

With L representing the distance between the ring body
20 and the bellmouth 5, changes in the minimum specific
noise Ks with respect to a variable L/D, were checked. Fig.
10 shows the results obtained. As seen from the above
results, satisfactory.operatiOnal noise characteristics were

obtained in the range L/D;20.169.

Fig. 11 shows a ceilling~embedded air condltloner &2

1ncorporat1ng the centrifugal blower X, of the second
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enbodi nent. In this case, a heat exchanger 15 and the
centrifugal blower X2 are arranged in an air duct 14
for air flow Wthat is formed within a casing 13. A
notor fixing portion 7 for fixing - a notor 4 is forned
integrally with a 5 top plate 13a of the casing 13.
The air conditioner Z2 has an intake grille 16, an

eM@dal lelteer #4, tﬁlgréég pan %gataggchﬁg alr% A&tﬂgort

IS structure ena [ es cent I'I a OV\EI'

CemafaﬁMQeﬂlhébweeXHEMﬂe|aﬁr&mm£nhagemu%lreﬁhemt34 fbksair
ontributes to %phancenent in_10 performance

reatl
£l W'%hg%a - ScdREPEFoHEF P22 angapdBdct Pon & Mmilest stixing
poﬁ@QbhlQnQBEYflkﬂﬁgoﬁthg%gkdﬁaqgt?BFBEdtbﬁtégfalfgaﬁ§th a

port 6 may be greéater than that a convention
tO@n@latﬁl§3Bowér§hepCé§sugelBossTm@ ate @indifiidresr 7. has

1 C u bl ower ove nbodlnent is
ana%BE?%& %Een g%ﬁurrlaei"‘lgf ﬁﬁ e5a22 Eaé%a??n(f?e.?nd
anSati@ omsﬁmanps):t (Thi roh Ebegi-neni)e &%ﬁ@s thk2 to 16

show a centrlfu al blower X3 and an air conditioner

cepsTALRGRd] éot“ﬁraxt hi ¢ o= eheoll veht Q?chtbnlet Gr@se?rﬁvantageous

efiFBYERLI Ofhj & V&bﬂ&ﬂ) a&%
centrifug all 5?ower 'S pr%@?%é@gwt an |n'peIJ1n
perﬁ@rmanng afdibk- shapedndubl@nehaﬂingmaﬂaﬂuntﬂon in costs
of a nptor 4 is

' 0y ch a rotati,on shaft
AafiBELLE eéyawghs PP b Ey 918¥‘e€3ﬁe§§ 3thT rageth bke thrt ©
mapebépheeatepothhontRittHe Buborvaht PEeIpt & dl Na6i30 1 owers
intervals in the circunferential direction. A
PreafyRButAss iRathegehh Bittertdke port 6 is arranged
on the air intake side of the inpeller 1. 24 As shown
in Fig. 13, the inpeller 1 is of a sweep back
The centrifugal blower of the above embodiments is

applied when the number of the vanes 3 is small (i.e., 5 to

15 vanes).
(Third Embodiment)

Figs. 12 to 16 show a centrifugal blower Xs; and an air
conditioner Zz according to a third embodiment of the present

invention.

As shown in Figs. 12 and 13, the cent:ifugal blowef X3
is provided with an impeller 1 including a disk—shéped hub 2
having a central portion to which a rotation shaft 4a of a
motor 4 is connected and a plurality of vanes 3 arranged on
the peripheral portion of the hub 2 at predetermined
intervals in the circumferential direction A bellmouth 5

having an air 1ntake port 6 is arranged on the air intake

' Slde of the impeller 1.
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vane type (i.e., a turbo fan type) in which the front
rimof each vane is inclined toward the front in the
rotational direction, that is, an outer di aneter end
3b-of each vane 3 5 is located rearward from an i nner
.diameter end 3a of the vane 3 relative to the

rotational direction Mof the inpeller 1. Wth this
Struﬁgugﬁowbh§nr§£ 0 9§ SEQEIEmPgifésuie pé;gafgweep back

occupies a large p oporflon in ot al

vahrc tgage ( (af et heai mpebberfanThiypeel i RALER the feedt $Om of

a spiral ;scroll. In the centrifugal bl ower X3 of

(0]
eaF% yangnsdi ReAt nefhEOHaRBeFR8F T¥aREsin fhegrekpéional
dl&%@%l@ﬁanﬁhﬁt 1§0 59 §9t¥§n8§£még@9 EHS @Hng?réaﬁﬁ vane 3

vanes in the cen fugal [owers X1 and X2
leﬂp§ataddrsecwnddeﬁbomlﬂenasneISdAametesseﬁd Bg bor hkd

h entral _portion f t he or usi_ng, t he
vahl BMeLTERi ke BOFhe Rt h st PRan S rEct S BT Prb e
impeloerd] . Abbﬁmlﬂglfb%ﬁ:@:tf@ﬁ@,t aly SAPROrds stdeic
rotation shaft 4a of the notor 4. 20 Like the second
PrEfRSBEFNeRErCRAR PREEPLEF 2 SRrURePreRPFHIGRDOT| HBAL tpEal
r e n 0 Vi r
prBSEIinabbicd EENODOSpERIDEY M DIGREIACE e need
Ofeﬁbanﬂneht$crhblr|ﬁglbﬁﬂy dﬁhtnnﬁugﬂ]rn&buanmﬂgjdﬁhahls

enlhifeld, g tROALEYgRL ShEeLi 00 22,0 [pulolion. .

30pesi phevahes) depanf thhentgbbppub h 5aﬁ@seﬁﬁufﬁeteéﬁt§1fugal
circulating flow f2 is easily generated in a manner

Dblexgrsi ¥t Fibwe et tbe e séurnet ssicgadormbre imepsisl-er

1 and is then 30 drawn back into the inpeller 1
through the rear side of the air intake port 6 in the
bel | Aogdeds 2a ks t herfied sin Enbockmerd] pdetbér of the

' S ER bSO RCIE Enbpe  RE (Gt Bprticn 7 is

used Lo fix the motor 4. A bearing boss 8 rotatably supports

the rotation shaft 4a of the motor 4.

Like the second embodiment, the impeller 1 of the
third embodiment is provided with a ring body 20 having a

predetermined width H in the centrifugal direction. 1In the

‘third embodiment, the ring body 20 is inclined toward the

hub 2 in the centrifugal direction.

A circulation space S is formed at the rear side (i.e.,
the peripheral side) of the bellmouth 5 to ensure that a
circulating flow f, is easily generated in a manner that it

flows out of the outlet side of the impeller 1 and is then

drawn back into the impeller 1 through the rear side of the

air intake port 6 in the bellmouth 5. Like the first
embodiment, the air intake port 6 of the bellmouth 5 may

take any of a straightlshape, a wedge shape, and a flared
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shape. In this enbodi nent, when the inner dianeter of
the air intake port 6 of the bellnmuth 5 is
represented by Do, the 5 inner dianmeter of the vanes 3
of the inpeller 1 is represented by D1, and the outer
di anmeter of the vanes 3 is represented by D2, the
di nensi ons are set to satisfy

5 5§§(Eb D1)/ (D2-D1)<0.3. The nunber of the vanes 3 is

10 The operation and advant ages of the above

centri fugal blomer wi Il now be described. G rculating

flow_f2 's gen ted to flow out of the outlet side
of -t H& | :‘?ﬁ;a CEPofiRa ty ndReBe tBRadATBACKiPREE L 18 ﬁée air

it g%r rtd o rough the 1heaknsisde o&e#:'%%s@nrte'cinbgk%
port in the bellmuth 5. Accorglng a main
lmﬂaﬁmdﬁﬁmeﬁ@gsnﬁgt@@raggeﬁhé winese31ab3édeheﬂngsdramn

he_ air rawn_.t owar d
et SR er e a Yoo b UhRE S ‘%9%19 Sh@H%F?Jéu?gtpﬁ@ feuir > is
remesmtsadl BT Wﬁsth@edﬁhéngﬂen§ p@@@ gdist£d bydt poey N
the exit eprtlons of the vanes 3, enhances the
erddyn (DsaPh bf Hafice, Thin@umdeer o & e oppareat idordal 40-
noise Mor eover, since no shroud is required, the
I nt egr al nDIdlng of the inpeller 1 is enabled. This
IomeWbecosesaamdnpandldésahtggeaaes phedabbdiryi tynt2bfugal
bl ﬁ Ehl hlrd E when the inner diameter of
the a n98We éré °fhe bel I mouth 5 is |
represented by Do, the inner dianmeter of the vanes 3
of the ingeller 1 is represented by D1, and the outer

di anBiBFUGRLIRG GaAEsTS i Bansfiabdm dildy e, ahdhe
h AENSE QRS hat
B B8 BE) P Bo B} S0°5 Fud Farpele SEeuRobekointe

'thElgmpehlerthlShkomghsthhereanlﬁﬂd@S@ﬁCtheCanﬁlSﬁtﬁxe port

R K
passing across the vanes 3 after being drawn into from the
air intake port 6 is drawn towards the distél ends of the
vanes 3 by the Circulating flow f,. This improves the air
speed distribution in the exit porticns of the vanes 3,
enhances the aerodynamic performance, and lowers the

operational noise. Moreover, since no shroud is required,

‘the integral molding of the impeller 1 is enabled. This

- lowers costs and provides high mass productivity.

In this third'embodiment, when the inner diameter of

the air intake port 6 of the beilmouth 5 is represented by Do,

the inner diameter of the wvanes 3 of the impeller 1 is

represented by D;, and the outer diameter of the vanes 3 is
represented by D;, the dimensions are set such that

~0.3<k=(Do~D1)./ (Dz-D1)<0.3 is satisfied. As shown in Fig. 14,

. this lowers the minimum specific noise Ks low, which further

enhances the aerodynamic performance, and'reduces the
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operati onal noise. Wen -0.3?k=(D0-D1)/(D2-D1) is
satisfied, the front distal portions of the vanes 3
will not function effectively and inhibit the
enhancenent of the aerodynanic perfornmance. Wen
k=(Do-D1)/(D2-D1)?0.3 is satisfied, the 5 reversed
flow f' generated at the front distal portions of the

opLanes 3 hecones st on ci.rcul a flow f2
PERa et lareiae ol rorl o n il B ybdors Raki sTied,
thEhE&ontn@h@thi 965@@6&HEBE tHetbgnégerMD§ﬂ1ﬁot function
performance. 10 Wth D1 representing the inner
eféﬁ&ﬁéf\f@rl Yopnghdnhahés Bhe fphpppemsBht Dﬁgthﬁeagmévnamlc
| r,.Of Vv _ J-Epr ese
S e o AR TR e Rt L
recventsed dgakw b oweneXatoh hh|Shenbﬁdnﬂenistalnp@f@p@@ﬁeof
12 Iocate 45 degrees to the front and_one neter awa

the, gaPeRe 31 eFﬁ{‘lﬁﬁeSEEﬂPgr &8t ChReCAFFUL AL ARG PLPY & fat

th@a%eﬁie‘@iﬂsQa@hEBEt:LSH@nQESthQ %Qﬁe@ Bi pumgReGhikC This
noi se Ks with respect to a varil ab

inkipbbsDERheDRZeDERL anth&4ash©vlsnamcrlesufcosmance
obtained. It can be seen fromthe results that
satisfactory operational noise characteristics were
obt awned DN ddersAngE n@EheD 13830 Banthe r fatienshines 3,
bet ween the outer dianeter D2 of the vanes 3 and the

Do \f SR 18T L R het Re UGS gHIans ficta fork b Manes Bingrsbde
reggeB@nEQﬁgcgﬂérhﬁHgﬁldpéﬁ¥$%ex§f'§héh§1 a Qﬁet$@%t2§ in

he second enbodi nent relationshi p between the
th@ucentrdﬁageﬂeblﬁﬂenfXiiuf\Hhﬂﬁ;émbnﬂimdni,dﬁsnmwuﬂaghone 12

- 2 the bellnmouth 5 in the
1oB5EACRe ! BBoppRor B0 2Lr8RE AE Ofe MBUSL S 6 the
infhRe rruahaeecef bE ORESEL Kslmﬁaké oyet €ds akgls Supad essesheck

in the range L/ D2>0. 07. When 30 L/ D2<0.07 is
chengrsf fBdthenBl pRIRUFRRPEET R0 ot s Kei th nerarees to a

vagiiéﬁi%ﬁgl—*l(gai penoLhs. jexi k1§l dg4hghglt Bnaf (LOE;¥anes
obtained. It can be seen from the results that satisfactory
operational noise characteristics were obtained in the range

-0.3<k<0. 3.

The relationship between the outer diameter D, of the

vanes 3 and the width H in the centrifugal direction of the

rring body 20 in the centrifugal blower Xs; is the same as that

in the second embodiment. The relationship between the outer

_diameter D, of the vanes 3 and the distance L between the

ring body 20 and the bellmouth 5 in the centrifugal blower Xs
is shown in Fig. 15. The minimum specific noise Ks is
lowered and suppressed in the range L/D;20.07. When
L/D;<0.07 is satisfied, the minimum specific noise Ks

increases drastically.
When the exit side height B of the vanes 3 in the
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i npeller 1 decreases, fluctuation in the air flow line
f, increases at the exit side of the inpeller 1. This
eventual |y causes the circulating flow f2 to obstruct
the flow passage between the vanes 3. In such a case,
the 5 aerodynam c performance falls sharply as shown
by the solid line in Fig. 16, and a hysteresis WII
hown by the broken line in Fig |%
1

. 0C
R ?Fri é@ﬁﬁ?aF SthElHEﬁ’déFloBfl’PhEh%aWeE fll"t’)w iz

lnEPéégégrﬁt EﬁéseﬁﬂPOQiHEnéf'§héelm%81§§£'§fYThls
This setting solves the problem of

evehuua@éylgausﬂStheeacrrcﬁlemﬂhgnél©w 3 thebstinudi ddie
of the i ler 1 d provides tabl perforna e as
£18% hASao0 e Ehotr o Ehe: Paf¥r Re i Aty RGNt

aeBbB¥rBmid3pksreahhntiedalli Besnhtpl b ods | sewRtbY hehd Ssolid

exit side of the inpeller 1 will greatly fluctuate,
ligfdiphEigei tEul aRfng Wéﬁﬁ??sww&e%%ﬂ@s o%%@vec@y the

Renf | oX-PR3SREE. PELVeRH %\f
br%e??ornaﬁcgﬁtg ?al? shar % 20 ﬁ‘t e centrlfug number
ofbtbweraX8sof the third enbodlnent, changes in the

maxi mum fl ow rate coefficient ppmax (the coefficient
when there is no deterioration is defined as

refenenseova) uerls sibddimspecistoeB/ &2 yasi shecken,>0.113.
Fig. 17 shows the results obtained. Here,

ThpnBREDHAS/ SOLVERBj 2 PEORBeB R f sfl’é@tuW% ip=HpNnir

£1 QT8 LEPEESANGS, 4 'é%i ifuld g oRen I#ﬂ Qﬁe(r”%/ ma@)d gﬁ%@ides
epresents the rotation spee ¢dn be seen
stébpden pbefoesahts showhown Eygthb?dbhhﬂe%hett&&xuammlin Fig.

flowrate coefficient c¢p x is ual, the referen
16 yal ke T 25100 LiRen SEPEB S0 L1ES | $heaerEt PN 300° Prgehe

- ex18 shawsoa @Eé'iﬁﬁb?ﬁ@ﬁdﬂeﬁlﬁlr?ﬁéE@U fﬁﬁﬁtégke, and the

|ncor€orat|ng the centrifugal ower X3 of this

cipapbit hadt Tlownfs mWid lcasentataldat abadirarderthes fdew tessage
befﬁgeﬁ'£HgabaQegm§rand cause the performance to fall

- sharply.

In the centrifugal blower Xs of the third embodlment,
changes in the maximum flow rate coefficient gmax (the
coefficient when there is no deterioration is defined as
reference value=1) with respect to B/D; was checked. ¥Fig. 17
shows the results obtained. Here, omax=0Qmax/60 (mD:B)u; is
satisfied, where u,=nD,N, Omax fepresents the fully open air
flow (m°/min), and N represents the rotation speed (rpm). It
can be seen from the results shown in Fig. 17 that the
maximum flow rate coefficient ¢gmax is equal to the reference

value of one when B/D,20.113 is satisfied.
Fig. 18 shows a ceiling-embedded air conditioner 2;
incorporating the céﬁtrifugal blower X3 of this embodiment.

In this case, a heat exchanger 15 and the centrifugal blower
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28 X3 are arranged in an air duct 14 for air flow W
that is formed wthin a casing 13. A notor fixing
portion 7 is used for fixing a notor 4 is integra
with a top plate 3a of the casing 13. The air
conditioner Z3 has an intake grille 16, 5 an air
filter 17, a drain pan 18, and an air outlet port 19.
X This structure enables the centrifugal blower X3 to
setfectiVEIYP x|t 3% ngarﬂt‘lagf@ofu@lerfffelavg W ehas is
fodnRat ki thGANtr ihuties 19 enhansenenti ki PepdPEImNce of ysed
the air conditioner Z2 and reduction inh costs.
fQAddiﬁﬂ@@aﬁlVotpﬁe4lesopﬂ¢ﬁuﬁﬁdlHnﬁheﬁ 6bpt héaser13a of the

[ 3por at er h t hat .of
con?éﬁtlon& one OWer %ﬁi%%uﬁgwﬁ££§1@ ﬁrl&ée e,
andian of iflitleerld7 N@dﬁ&aqatpen51ef the eankiicf bgalebl pyet 19.
X3 of the third 15 enbodi nent will be descri bed.
Thi o FitrUCAA8n ePRPAS Ss kB&n CRALEL 192 d, blpweri 3 side end
efﬁéd%%%@l&agﬁhgblkn1Egeaﬁqaﬁkggéo&sn@¥f@§t5n0|TH%%jéyeatly
substantially the sane 'Tnation angle a
CO@ﬁrﬂb@tﬁBnQObeuyazoembntthnspeaﬁermsnmelbf the alr

ionship a D1, D2,
cobGid BRS0ER PR OP S wii s ol 58aad Yonshe
ptﬁmﬁmgdlaﬁetbheoEl@hélQQremﬁtQRee§§BtV6nﬁa§ bbNgtbgter
npeller 1 may be inclined at substantially the sane
th@ﬁclthﬁﬁt Pénaafghacasirnal enet hellrisglayeris Joesfute loss

int B8e LALet; §%g§ end of each vane 3 inclined in the
centrlpetaﬁ irection of the inpeller 1 toward the

hub. In this case as 30 well, the relationship anong
befo@%ﬁlE%ﬁﬁga?pﬁa?EdEE?l$§£g§lfuga gfo&&??ﬁgeﬁgthe third

embodiment will be described.

(Modification I)

‘ As shown in Fig. 19, the tip side end of each vane 3
in the impeller 1 may be inclined at substahtially the same
inclination angle as that of the ring body 20. 1In this case
as well, the relationship among Do, D1, D2, H, L, and B is

the same as described above.

(Modification ITI)
'As shown in Fig. 20, the tip side end of each vane 3

in the impelier 1 may be inclined at'substantially the same

~inclination angle as that of the ring body 20, with the

inlet side end of each vane 3 inclined in the centripetal‘
direction of the impeller 1 toward the hub. In this case as

well, the relationship among Dy, D:, Ds, H, L, and B is the

‘same as described before.

. (Modification III)
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As shown in Fig. 21, the tip side end of each vane 3
inthe inpeller 1 may be inclined at substantially
same inclination angle as an inclination angle of the
ring body 20, with the inlet side end of each vane 3
inclined in the 5 centripetal direction of the
inmpeller 1 toward the hub with serrations 21 forned

inthe inlet side end, This structure prevents the
f or n&Fi BRCWR ANbbiAdaty | BYertER Fheevand ouppraketane 3

1n&£ﬁ§’1hﬁgl§bk ﬁ'Rﬁ&nBéS?nb%15@8U8€dsub@t&ﬂt§ﬁﬁﬁ§esaﬁé

, e relationship anong Do,
inpdingtihe sagéeassdescmnbédnbeﬁoneangéqufthhe ring body

2050 RorhiERe) shade BTN BrcAthortEr 3 KBl ingd in the

ceheyepét@m theEBh@n 8Hb@HéWEﬁf3elﬂ_B§ QUEBWadHaeBREERUP3wi th
of a hu ornn er 1 is set to be smaller

ser—h‘aﬁl@ﬁé 8@” épr@egnéﬂethgzlaietvahég gndAccBrR nghaucture
prQGeRE’E” ? £6rhStE QLB é”bBHSngQ Jr%(% 8% Lhe
peri phera

I portron on the vanes s reduces the
suf:lfa)mesesuﬁhmucetm dire Aiow biovee ol médmctmdvariezs t8is case

whe ng a.diagonal diffuser 23, which w]|]l
asd‘éggh BOS| 5?%?“?%‘%% §1°B8) Pym e hdler r Bsplict §ndt?\els

thetE4REUES aBdceiheatBerfethe fourth embodiment are
the same as those of the third enbodi ment and

therefore will not be described. 25 In the fourth

as in the third. enbodi nent, when
F?ﬁgegxﬁﬁgélgﬁ ﬁ@>ght B of the vanes 3 in the inpeller
1 decreases, fluctuation in the air flowline f1

i ncreases_at the exit side of the inmpeller 1. This 30
event At | 92 caliQES & heekty thrgR n%l‘P‘iUng?v ¥o arussnyde 2

fo&P@h éﬁ@&ﬁ@ﬁéﬁ@98fb€ﬁ$ﬁﬁfe£8§tV§H€én§10hn sueh gy £ase,
aer odynam c performance falls sharply as shown by

embh@l@@htd theneutarFlgamder aﬁml of hy sy esiBoxpiing an
imggfféraf %Qog@thOtgg smaller than the outer diameter D; of

vanes 3. Accordingly, an opening 22 is formed in the hub

side of the'peripheral portion'on the vanes 3. This reduces
the flow resistance of the air blown out of the vanes 3 when
using a diagonal diffuser 23, which will be described later
(see Fig. 29). 1In other respects, the structure and effects
of the fourth embodiment are the same as those of the third

embodiment and therefore will not be described.

In the fourth embodiment as well as in the third

embodiment, when the exit side height B of the vanes 3 in

the impeller 1 decreases, fluctuation in the air flow line f;

increases at the exit side of the impéller 1. This
eventually causes the circulating flow .f; to obstruct the

flow passage between the vanes 3. In such a case, the

aerodynamic performance falls sharply as shown by the solid

line in Fig. 16, and a hysteresis will occur as shown by the
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30 broken line in Fig. 16. This is not irrelevant to
the nunber of the vanes. Therefore, this enbodi nent
is set to satisfy B/ D2?0.08. 5 The reason the upper
limt of B/D2 is less than that in the third |
enbodi nent is in that the opening 22 is forned in the
peri pheral portion of the hub-side of the vanes 3.
This .setti.ng _solv the problem of fluctuation in th
i% t hEEXi t5shak b?r?k%v?%%eWQe?hq_number
ofarteprovieges 10 stable per f ormance as shown by the
doubl e-dotted line in Fig. 15. |If B/ D2<0.08 is
‘satisfied, the air flowline at the exit side of the

I mpe [ at | fI yct uate,
C|rcghg%F%8%nro&ﬁﬁg em¥? aVeh uéFI ng?rﬁ@Fl?ﬁ% ?(%%50 08.

Thpassagen mete\/vappetrhelmaneSfSBang ﬁguws.& henperdfiyimainteche
to fall 15 sharply., In the centrifugal blower X3 of

- thipds eppRddmgaft ; P ¢hakBBs Fhet REeRARPNEM LFofrFaed in the
;pe%@ﬁh@k%ﬂegbrgﬁgﬁxokh@hecﬁﬁﬁtégﬁ %fm@ﬁg %Qﬁ £ S %%%ﬁ]

deterioration is defined erence va ue=l)
Seﬁéspgc§0ﬂae3/Enemasobhemkeﬁ fFugtudB8ioshomsthéeair flow

S ai ne He X ={ nD2B)u2 is .
LiBEY L R NGRS o T P et o 2ntf grfies
stapes petfothawceMds/ BhByn 8Rd tNef RAASIRMB RS 1ine in Fig.

rotatlon speed (rpm. It can be seen fromthe results

(rp
LOSsholh B4P#i0g 0823 st Rat iekdeds el mim ffllow Aane at the exit

ef ki n [ I
Slﬁﬁe“&héﬁ%heé%?%@ R S LT
ClC@hlﬁtiugaElQWOﬁﬁnNDQl(ﬁvddﬁuafkyﬂdﬂsKﬂﬂﬁhﬂﬂhﬁﬂfﬂ&d|passage
b ow_be gescrlbed 30 (Nbdlflcatlon Ig shown in Fig
e bR ERET BARF e o oSt DarRe BEOBRRRR FpEtter 1

shapylbe inclined at substantially the sanme

In the centrifugal blower X; of this embodiment,
changes in the maximum flow rate coefficient ¢max (the
coefficient when there is no deterioration is defined as
reference value=1) with respéct to B/DZ was checked. - Fig. 23
shows the results obtained. Here, gmax=Qmax/60 (mD:B)u, is
satisfied, where u,=uD;N, Qmax represents the fully opén air
flow (m®/min), and N represents the rotation speed (rpm). It
can be seen from the results shown in Fig. 23 that the
maximum flow rate coefficient ¢omax is equal to the reférence

value of one when B/D,20.08 is satisfied.

Modifications of the centrifugal blower X; of the

fourth embodiment will now be described.

(Modification I)
As shown in Fig. 24, the tip side end of each vane 3

of the impeller 1 may be inclined at substantially the same
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31 inclination angle as that of the ring body 20. In
this case as well, the relationship anong Do, D1, D2,
H L, and Bis the same as described before. 5
(Modification Il) As shown in Fig. 25, the tip side
end of each vane 3 in the inpeller 1 may be inclined
at substantially the same inclination angle as that

i nl et side gnd of

2

R A g R N S e S P
asi wpehl eend E@Y\@tﬂoﬁgﬁ‘lﬁugmd&g bhi aalqa@g aﬁ wel bnat Beis
rel ationship anong , L, and is the
th@aﬁémﬁsaée@@ﬁ?bé@e@eb%f@re(Nbdlf|catlon III) 15 As
shown in Fig. 26, the tip side end of each vane 3 in
the inpeller 1 may be inclined at a substantially sane
{(Mpbd¢lfination angle as an inclination angle of the ring
body. 20, and the inlet side end of each vane 3 is

i ncl PRedl ¥R e Frent¥7pet® BivettiorcRd thectheltias 3
1n1th@“@ﬁ§elb§rhybm¥&tﬁe29n§f{ﬁ§8'Qﬁssgﬂst§né9£ﬂ?9 tRe same

the inlet side end Thi s structure prevents t he
intdination shgkbe b@@ntal}aay fbéy*e]neonlltlftnebOdrfan%OsuwihbeShe

| ow_,noji se i reduced., In this
in]Q¥PsiblteBUlof SHRNSE: 2 I8EHER0A | Ll SgefBREogPal
dikecthensaretias fieseribedi bedwsed ’Zﬁe(k&@@ilflmtﬂmﬂs IMse as
shown in Fig. 27, the i eller 1 may be of a

As
weé?ag%ﬁ%lr?i%%%?%ﬁh%@p@m@%g ircHPit h@zpeli pheraid pbr ¢ § ohhe

saRbk athgebuPided tihat is, the region where the vanes 3
are 30 arranged) is inclined. In this case as well,

the relationship among Do, D1, D2, H, L, and Bis the
(ﬁ 3Ef1cat1689ﬁtﬁed bef ore.

As shown in Fig. 26, the tip side end of each vane 3

in the impeller 1 may be inclined at a substantially same

‘inclination angle as an inclination angle of the ring body

20, and the inlet side end of each vane 3 is inclined in the
centripetal direction of the impeller 1 toward the hub with
serrations 21 is formed in the inlet side end. This

structure prevents the formation of a boundary layer on the

vane surfaces. Thus, the air flow noise is reduced. In this

case as well; the relationship among Dy, Di, D, H, L, and B

is the same as described before.

(Modification IV)
As shown in Fig. 27, the impeller 1 may be of a

diagonal flow fan type in which the peripheral portion of

- the hub 2 {that is, the region where the vanes 3 are

arranged) is inclined. In this case as well, the
relationship among Do, Di, Dz, H, L, and B is the same as

described before.
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32 (Modification V) As shown in Fig. 28, the inpeller

1 may be of a diagonal flow fan type in which the

peri pheral portion of the hub 2 (that is, the region

where the vanes 3 are 5 arranged) is inclined, and the

inlet side end of each vane 3 is inclined in the

centripetal direction of the inpeller 1 towards the
Mh%b.f.ln this §ase as well, the relationship anong Do,
(Mgl fpsation Vignd B is the same as described before.

10 | hsi snokMi ousrihat othergentppliugal bl guery, X4, pf, the
fourth enbodi mrent may be incorporated In an alr
diggpopti her. fTapFEyph Enbeldinknthe 1BeFighe20lshowsian of

e i fu I r. X5 according to fifth egbodi nent

ehEPRE 2 98hab, 20U ERE: BRO°PR THetS Enpourhgncs the
aroahgeddi asetee1bD3ecaf anBubh’ ie18tNgial8 <hAPSE! 85cH ¥Sne 3
. set io be smal|er than the outer diameter D2 of vanes
iszinghyngdyingbhal CeBREEPELgAl diresliser 28 theairpabber 1

| ety side of '§p§;Ier - [

to%%lgggvg F?%mg%l}%é iIrrIgeﬁﬁeS? Clggf dgui eldl f rt‘(l)hrﬁSS tq:réelh%%ﬂq%d%ﬁ;/
amppdr Dei der, ilh,t He &entnidf Bgdls diheectanmen:ad rdddusibed before.

structure, an opening 22 is fornmed in the hub side of

t he peripheral portion of the vanes 3. This reduces

the Biris|lowwiess stiaacecod ddeca fugddl bhoyWRe U, fr0Mhe

the vanes 3, enables the dynam c pressure of the air
ToprbneBed i remt they i ipel reprooxated fie| amt & yr reendihtioner.

to the static pressure, and greatly contributes to the

enhancenent of the performance (i.e., high efficiency
{(Fafdth Eopedionse)) I n ot her respects, the structure and

effects of 30 the fifth enbodi nent are the sane as

those of the third enbodinent and therefore will not

be deseridedshodddi fdgati onsyDl Yihawenty ifegalsibloower 5

XS of the fifth 33

fifth embodiment of the present invention. In this

embodiment, the outer diameter D; of a hub 2 forming an
impeller 1 is set to be smaller than the outer diameter D; of
vanes 3, and a diagonal centrifugal diffuser 23 is arranged
on the outlet side of the impeller 1 so. that an air flow
from the impeller 1 is guided from the obliquely rear side

in the centrifugal direction. 1In this structure, an opening

22 is formed in the hub side of the peripheral portion of

the‘vanes 3. This reduces the air flow.resistance of the air

- blown out from the vanes 3, enables the dynamic pressure of

the air blown out from the impeller 1 to efficiently return

to the static pressure, and greatly contributes to the

‘_enhancement of the performance {(i.e., high efficiency and

low noise). In other respects, the structure and effects of
the fifth embodiment are the same as those of the third

embodiment and therefore will not be described.
Modifications of the centrifugal blower Xs; of the fifth
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enmbodi nent will now be described. (Mdification I) As
shown in Fig. 30, the tip side end of each vane 3 5
inthe inpeller 1 may be inclined at substantially the
same inclination angle as that of the ring body 20.

In this case as well, the relationship among Do, DI,
D2 H L, and Bis the sane as described before. 10

|f| at i. shown .in Fig. 31, the tip side
% q&aﬁgkéb% ﬁeﬁﬁélb |l'er 1 may be inclined
at substantlally the same inclination angle as that

of the ring body 20, with the inlet side end of each
(Mpghd izatd@m ded in the centripetal 15 direction of the

i mpehler, owar t hg,hu hi s gase as. well. the
ol At ottR e Aeoea oo b1 et SRRt Sne vane 3
ins dine aamGQQEHIbe@a@eb&r&ncIﬁ&eGEGtrBhbgabnbham@ Stﬁé same

. the third to the fifth 20 enbodi nents enploy a larg
“ﬁﬂ&ﬁ@# 160 ARYLFaRSs t % Gi o&. thgoripg bedyaRds). In tthis case

asoméﬁqqst%@aEeHBQl%%ﬁhﬁbfHﬂ%h bhgwep X4 of ytorthigy g ;s
enbodi nent may be |ncorporated I'n an ai'r con |t|oner

thit spge 25 gleserébeidobstohat simlar effects may be
obt ai ned by using a spiral casing. (Mdification II11l)
The centrifugal blower X5 shown in Fig. 32 is 30

(MohdrrdctetibnedIin that a di agonal centrifugal diffuser

23 simlar to those shown in Figs. 29 to 31 is
provi8edRPHnt kB Fégr uét ur Bhef tiResidperndrofingeehmevane 3

1nb@hE”QHleQErt@ema9e85rh589§é glg%eﬁuﬁgtgﬁtigfl h%ﬂg same
enmbodi nent descri bed above 3 I'S case own
inpaippgios2anghe asrtBQEedf dhetruhgtbonyazothmleuithe
1n98£t 98e en&hgfvgggﬁ vane 5 Inclined in the centripetal

direction .of the impeller 1 towards the hub. 1In this case as
same as described before.

The centrifugal blowers of the third to the fifth
embodiments employ a large number of the vanes 3 (i.e., 30

to 50 vanes).

It is obvious that the centrifugal blower X; of to this
embodiment may be incorporated in an air conditioner. It is
also obvious that similar effects may be obtained by using a

spiral casing.

(Modification III)

The éentrifugal blower Xs shown in Fig. 32 is
characterized in that a diagonal centrifugal diffuser 23
similar to those shown in Figs. 29 to 31 is provided in the

structure of the impeller and the bellmouth of the

_centrifugal blower X; of the third embodiment described above.
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i mpel ler 1 becones greater at the intake side due to
the 5 guiding function of the ring body 20, and
relatively small at the side of the hub 2. However,
afterwards, the speed of the air blown out fromthe
side of the hub 2 is increased in the diagona
direction by the air flow passing through the

di agonal diffuser passage that is deflected toward the
side 10 of the hub 2 and ultimately bl own out fromthe
outl eh porit caBelhascehbiinf ugalridi.r 8cti ehe Ihusspktbe
speed of the air blown out fromthe outlet port in

dltgﬁélé’élﬁtlrolnf @dalthdi e&diti R T tiedords te MVanmst Br edghset .
1m£%ﬁ§eknﬁr9%ﬁ%nk%eg&%%5 ffb%'%@ﬁyﬁb?%%eeégg Uiyl ¥o the

I mproves the nois educti on per manc 51n order
gutid iolye dhantchiiioneoffeche frangebaniyl €0, tmad.cenamuhagglsmall

bl ower . X3 of [ ion_| of the
o SPHEFRG. 116 CEPg. -33OTSVEbpAr bAFIRENFe Che SPecd of
th@oaw@nbu@w&lo@mrq&@@dt@@n%&u%u@@ tRlc0veh @f@glqg@r@h%@d in
the 20 diagonal centrifugal diffuser 23 (Fig. 34) with

thﬁegéﬁGOP@l ﬁﬁée§¢ﬁ0§p@§d dies edirb dtliovh pPatisé ngoirpapiigbn the

csSERAS 5 3heePepaeiigd bl | s cabveniighebye cice

ofaithef haw ar awd uﬂtdm&helglblbwhab@tpﬁﬁbmﬁtﬁé otibeéet port

. bgg mouth 5 is Qeflected toward the hub 2. This
in &8 €

sntirh fpfataft repedandi strvsut Fo SRTWINERLE:

b1BQht bAR @hokhenevanesed 9@&@91ﬁe%ﬁ%a§%ﬁt§ﬁfh?glaﬂirectlon
- intake port 6 and increased at the side of fhe hub 2.
berhuss théfarp thoeuobosy .- gr%@1$ylm@f®@©$eﬁh¢oﬁ@mcbffﬁﬁiency
u N er. he ai fle tomard the _hub
an]Befer Tb BTy upraTel reafiPE poaElePRoBERFRRGRT -
the diagonal .35 passage in the dlagonal centrifuga
di ffuser 23 and bein directly blown out in_the
centFFfBﬁQFrdFPeEP?SE thhgseffret, for example, the

centrifugal blower X3 of modification I of the third

embodiment shown in Fig. 19 (Fig. 33) is compared with a

- conventional shrouded centrifugal blower provided with the

-diagonal centrifugal diffuser 23 (Fig. 34) with regard to

the air speed distribution. The comparison result is as

described below.

_ In the conventional shrouded centrifugal blower shown
in Fig. 34, the air flow drawn into the air intake port 6 of
the bellmouth 5 is deflected toward the hub 2. This results
in the air speed distribution at the exit portion of the
vanes 3 being decreased at the air intake port'6 and
increased at the side of the hub 2. Thus, the air flow is

greatly deflected toward the hub 2.

Moreover, the air flow deflected toward the hub 2 is

further deflected rearward by passing through the diagonal
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air speed distribution of the ultimately blown out air
flow is greatly deflected toward the rear side. 5 1In
contrast, the centrifugal blower X3 of the

nodi fication | of the third enbodi nent shown in Fig.
33 is shroudl ess and has the ring body 20 provi ded on
the peripheral portion of the axial distal ends of

...the vanes_3. 10 _The in air flowfl _is dra toward. .
Pap B e ol i aPHBa0r Corps Lo araY 41 ESeRE £, Cu bt e
difkewlf2bliowaeduby ihhenki BantRedygd?. aTheédStion. Thus, the

,significantly_ingtoves the air speed distribution in
algrhepegrit dpsEriBHL 6PNt BE FhRey1Bimppadyeplown heufjzir flow
. sSBeed 6, SHEIFPULI t.agr in the ring 15
lsbggy Eoyis grggF?BaEéW%Eg gkgmggggdé?%%étribution IS

not necessarily uniformwhen the outlet port is

vi e n contrast, in the case of the

d le. |
cen???f§§%€I%¥gae$h%56655rb#ugﬁ% b e ¢ht iodn B8 of

- molleithttihnenbedi ARAt thWPhChLBagimthe ShAGONBL Fig. 33 is

centrifugal diffuser 23 of which passage shape -
shgpuAgessi andhbas athal rdhgebefpn20t hecui dedpedthe
I l.butj . e.AaLr_ylti e bl o out,_ fromthe
peggﬁbé¥ggo??PFﬁ8%héP E@%t?g%%%a'iﬁﬁg%c??%% %gc gvanes 3.
Thenibhdnmaodyefloherenitd ratawast A s OMe idistad. e3d side of
Accordingl , as shown in Fig. 35, the noise reduction
C

thit YaRes g r ehFer L2 handt BAeW of2 tivemegh Mveficokdnd

bodQr pydedrpentd i fiigal - 0 oMpr; | il G | xth
? mbodi nent ) 36' igsF:36 gﬁd' 7 shé%&éﬁ %ﬁgﬁ%ﬁgﬁegf a
digenibutigal inbtleesxaccoedt hgnt of atlse xtdnentvdi Hewe vef:,

he. pr n | nvention, 36_As, sho in Figs. 36 d _.
th§7$l$h$§g%én?}% ngvgﬁ?%m%FA§hehbfgwn out “air 1nz¥Le ring
body 20 is great, and the air speed distribution is not
necessarily uhiform when the outlet port is viewed as a

whole.

. In contrast, in the case of the centrifugal blowerrx5
of the modification III of the fifth émbodiment, which has
thg diagonal centrifugal diffuser 23 of which passage shape
changes in the radial direction, the air speed distribution
of the air ultimately blown out from the outlet port in the
centrifugal direction becomes uniform over the éntirety as
shown in Fig. 32. Accordingly, as shown in Fig. 35, the -

noise reduction effect is much greater than that of the

conventional shrouded centrifugal blower shown in Fig. 34,

{

{Sixth Embodiment)

Figs._36 and 37 show an impeller of a centrifugal
blower according to a sixth embodiment of the present

invention.

36




10

15

20

25

30

inmpeller 1 includes, for exanple, a disk-shaped hub 2
having a central portion to which a rotation shaft 4a
of a notor 4 5 is connected and a plurality of vanes 3
~arranged on the peripheral portion of the hub 2 at
predetermned intervals in the circunferentia
direction. Each vane 3 of the inpeller 1 has an inner
diameter 10 end 3a, or front rim inclined forward in
the rotational direction, and a outer dianeter end
3b, L LR&%n'iM Figeat gd aﬁaaﬁwarghggoegﬁhgltﬁ 81 blower
di ameter end 3a in the rotational I rection t he
imprpéklket 1RCIhd3$,tﬁerlapembéeflaldlek ahagaeebubaékhaVlng

0 called turbo fa

= EBREsr PPRbE Do St okl P EneoratabrbAar thi beceFod neher 4
ishuahakcebdvangsa3pohirbhetiynBel kehet BSasehnk®d bArthe

exanple, 20 to 50. A ring body 20 having a
peﬁ#éaéféinpﬁéalomn@fhthﬁugUbhé eénpreflagarndnedcinbarvals

a c e portion of the vane ends
1n0%5?hg§gcgﬁf5$8n@9%g PEEE?EiBPh this enbodi nent, the

end of the ring body 20 and the end of each vane 3 on

t he e of th I ] pout inclined toward the hub

2 ing?%% %%%?r?f%éthﬁui%B?igﬂrlFk%asuﬁnF$@ne§4él?%eter
enft Bel bespeghe. rife shruchdper8twhbg §hXEHe2§otatlonal

enbodi ment 1 s baS|caIIy the sane -as the above
digppbiPrented aTheteendirhagar bhdméb:o@rthEQr rim, located

c h eller

reggggga?gfé%d é Pnﬁ%%ngﬁ ﬁeknP ﬁng S%e?ﬁ % £%P$gkonal
dirboseonfMtbe abQVEmpabmdrnmntSTNw§Junﬂeznmﬂbrﬂﬁmnmtls of a

al so, has the advanta es descri bed. below that are . .
SWEERi Parkt BaRpos¥Psf (FReCabote EHBBAI ARt EyPe) 1n which a

caﬁﬁ@ﬁ'iiﬁ@'ﬁy@tfﬁﬁeQrfﬁeﬁﬁg PbthbeohhNgqbedyt 2Oncauses
the generation of the circulating flow f2 that

floms out fron1 the outl et S|de of the inpeller 1,

flo back |n h | pel Ler and sses the a
S|dm§h? ?%e 25 O % faﬁes S ?E thé 1mpeff 16 LE Eo, for
example, 20 to 50. A ring body 20 having a predetermined
width H in the centrifugal direction is attached to the

peripheral portion of the vane ends on the side of a

bellmouth. In this embodiment, the end of the ring body 20

and the end of each vane 3 on the side of the bellmouth are

inclinéd toward the hub. 2 in the centrifugal direction like

Cin Fig. 24. In other respects, the structure of the sixth

embodiment 1s basically the same as the above embodiments.

The dentrifugal blower of this embodiment, which has
the impeller 1 as described abéve formed in combination with
a bellmouth 5 like those of the above embodiments without a
shroud, also has the advantages described below that are

similar to those of the above embodiments.
Specifically, the presence of the ring body 20 causes
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6 of the bellmuth 5. Therefore, nain air flowf,
passing 5 across the vanes 3 is effectively drawn
toward the distal ends of the vanes 3 by the
circulating flowf2. As a result,. the air speed
distribution in the exit portion of the vanes 3 is
inproved uniformy. This enhances the aerodynanic
th%bggorna pee an reduces oEeratlonaI noi se

BEEREIRMNRE hBeshibGHIPELIREqhI PEdL? tﬁ%@q rﬁﬂéwserouf from

theapubec-pOL dad b@tﬁgéahhgelIBksls'EP5%£'§§cih§nto the
structure, reduces cos and | nproves mass

lmBﬁéH@Eth|@yd pesEsevehehrEabodident ¥ thsa1381ahmk@9port
0 n apcent i fugal . bl ower_.acco d|n
R s S e e T s e S

a séven
acshgmnthe thgss 381anéf380tiﬁé$yC§B&thU@ﬁér&ot@éO&@étal
eller 1 includes, for exanp a di sk-shaped hub 2

enﬂ%v?ﬁgt%%nY?%Psp%rPVoﬁ ?oC%ﬁFéhaﬁlﬁ%tE%Q%nfshaﬁﬁ agrepult,
thé aﬂPtgﬁeéd'él 9995&&?ﬂ ﬁ BBl UL grﬁio%aﬁfstﬁ% vanes
era the hub 2 at

arranged on e perip portion o
3 pﬁed@p2®w$@ednlfnrmlyalSIhIBtéﬁhaﬁaeanﬂewemﬁﬁaﬁynamic
er%recg on. g E é vane g eller 1 has an
Per hREPa T anded, re H8e§a9p%Fa 1??%htn %% i ncli ned
formard in the rotational direction and an outer
~dianmeter end 3b, or rear rimlocated rearward from
t he vaﬁan@%@eeﬁ@ shareyd the reatieshal tigp impeller 1

caglksg%p@e&/'ga %&fawpe' 815 oL -s g%ﬁfdle@ertg@g o thleS

sweep vane type (so tu y e)
reducewi chstas, camdeimpbioree priod s sidesodunct heli rpt at i ona

direction. 38 The nunber of vanes 3 of the inpeller 1
is set, for exanple, to 20 to 50. A ring body 20

(s ) Bnpsenedgem ned width Hin the centrifuga
direction is attached to the

Figs. 38 and 39'show an impeller of a centrifugal
blower according TO a seventh embodiment of the present
invention. As shown in Figs. 38 and 39, this centrifugal
blower impeller 1 includes, for example, a disk-shaped hub 2
having central portion to which a rotation shaft 4a of a
motor 4 is connected and a plurality of vanes 3 arranged on
the peripheral portion of the hub 2 at predetermined

intervals in the circumferential direction.

Each vaﬁe 3 of the impellef 1 has an inner diameter
end‘3a, or a front rim, inclined forward in the rotational
direction and an outer diameter end 3b, or rear rim located
rearward from the inner diameter end 3a in the rotational
direction M of the impeller 1. Thus, the impeller 1 is of a
sweep back vane type (so called turbo fan type) in which a

camber line protrudes in the rotational direction.
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peri pheral portion of the vane ends on the side of a 5
bell mouth. In this enbodinent, the end of the ring
body 20 and the end of each vane 3 on the side of the
bel | mouth are inclined toward the hub 2 along the
centrifugal direction, like in Fig. 24. In other
respects, the structure of the seventh enbodinent is

basically the sane as the above 10 enbodlnents The
cent?h?u@%@b%FoﬂérV%$e§h?sogn%%%lh%%@ Lewhi B hazett HepT
| e si+desgri r
ex\klimﬂ‘??le aE%e29mtsgt %65 ?I?Srﬁ'p%\é:goe&%fﬁqlé\ﬂbr%@ ﬂ]:aédeq,%rmlned
widhhoHi nentsewcehbuli fagdb shreatjiocnl 8 hasathed to the
advgntages dgscrib?d‘ﬁeIOMIthat are simlar to those
PehtPRREEpBOE EfBodl nE ?svagﬁeﬁ??§c%PI€ ¢t ftdpreakehce
be@imbRenl i Noh badys 2onsaisest t RehgenRt alff AhOfr it body 20
circulating flow f2 that flows out from 20 the outl et
andj geeoenehefi apehl vang, 3feovsheaskdened the pPepbneerh are
r
incy 08 EOFRES HIEhEE 2 afSnd ehaioBhbr FRGRE BPt Lot on,
llpassnnglgacﬁéss Irhe:tt&nes:e%pez:tea‘ f ettd vwednyuadnawn of the

the distal ., ends,of:the vanes 3 by the

588?$B%|% ?ﬂ61$?651+§ bé@l%@%i%uF¥e %%m%h%gaF?es?EQXP
emBb8ihbRPELiONn in the exit portion of the vanes 3 is

i mproved uniformy. This enhances the aerodynanic

performance and reduces operatlonal n0|se Nbreover
. sinc 0. repul L d 30 ,ca

nol dgh i A 12%?%?&“%5’17% swsfrrrf J?I esn%ﬁb nrl%% ur'e &1%
théeﬂmp@Sl@ﬁslsasa@dsCﬂpb@&eab@®§3f@fm@@cimvcémblﬁéigﬁmfWith

Enbodlnent% mgﬁ 40 and 41 show an inpeller of a
a behtPertiyab 1bkeveRosecof diig P %e sebedimenbd di hwut a

shP&u&heaP£§S§Q£ th@V§@$éQHagé§ &@Q&PledF%8§0w49h§@dare

1, this centrifugal bl ower inpeller 1 includes, for

‘51@xhapléo éh@$@k@§hbb@dah@%e2embod1ments

Specifically, the presence of the ring body 20 causes

the generation of the circulating flow f; that flows out from

- the outlet side of the impeller 1, flows back intc the

impeller 1, and passes the rear side of the air intake port
6 of the belimouth 5. Therefore, main air flow f; passing
across the vanes 3 1is effectively drawn toward the distal
ends of the wvanes 3 by the circulating flow f;. As a result,
the air speed distribution in the exit portion of the vanes

3 is improved uniformly. .This_enhances the aerodynamic

performance and reduces operational noise.

Moreover, since no shroud is required, the impeller 1

can be molded integrally. This simplifies the structure,

reduces costs, and improves mass productivity.

{Eighth Embodiment) .




10

15

20

25

30

having a central portion to which a rotation shaft 4a
of a notor 4 is connected and a plurality of vanes 3
arranged .on the peripheral portion of the hub 2 at
predeterm ned intervals in the circunferentia
direction. 10 Each vane 3 of the inpeller 1 has an
i nner dianeter end 3a, or a front rim inclined
forward in the rotational direction, and an outer
di aneter end 3b, or a rear rim |located rearward from
t he r a ej1e n r 5ggﬂ
dlrezgggn %Po?ﬁéhgllﬁggéaaﬁ 1$$§%ﬂér Qﬁe |npe lfugal
blowenfaacsmdepgbaokavaaeemybeembodcmbhedofuth@ @Eﬁsent
line i.n the

inpdBE) oh o A Sttty SR e ot e e i ugal

b1bRBel Lgpelibs seinkPuabs) 2P exanple, a é?@ﬁﬁbﬂ@b&& hub 2
- from20 to 50. Aring body 20 having a predeterm ned

haviggha HPRtEAG BertiPRubal Waielcei oataslontshakedia ©f a

‘mo£$§ Qei PE%%?%Cegat ﬁ& Q;%%hfaY?@f gfdéaﬁéstgf %igﬁﬁﬁd on

a be odi fren he“'end ©
thelpgrlpndyaEOpanﬂlbheoEndseoﬁubhe aanpsedbtérmimgﬁlde
of f 25 be| Il mouth are |ncl|neg toward the hub .2
ln%?ﬁﬁ@ Fhel EBRt FiFOgRTeBrR LR+ ORI FRREI P HoSe i n Flg
- 24. In other respects, the structure of the eighth
enbodi ment is basically the sanme as the above
enbo’@amnvgne 39 Thetkentnpd Lpt blloweramfinngs diameter

on G780 JENL (NG 40 ABELLBR 55 CERETLIER, o

above in co
dlf@@'ﬁﬁOl@f éhe ahoyetenb@timent s shdhew) & Shread, rahso
has t he advantages descri bed bel ow t hat are_ 40, S|n1Iar

logatefokeabyarHel apBvER @ bRt et ame'Spiece R o3t 1 P &

roPhesense Qirkbeiphng HPUYnL0iF3M5Esy {he 19RAST %weoqn@ieuer
he circulating flow f2 that flows out from

1 D%lthétaSﬁ'd%ebe@*hb Vapel| tyre 1{s6 | opblddckuiim ofarhetype) in

which a camber line protrudes in the rotational direction.

The number of wvanes 3 of the impeller 1 is set to, for
example, a lardge value from 20 to 50. A ring body 20 having
a predetermined width H in the centrifugél direction is
attached to the peripheral portion of the vane ends at the
side of a bellmouth. In this embodimént, the end of the ring
body 20 and the ends of the vanes 3 at the side of the
bellmouth are inclined toward the hub 2 along the
centrifugal direction like those in Fig. 24. In other.
respects, the structure of the eighth embodiment is

basically the same as the above embodiments.

The centrifugal blower of this embodiment, which has
the impeller 1 as described above formed in combination with

a bellmouth 5 like thoée of the above embodiments without a

~shroud, also has the advantages'described below that are
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i mpel ler 1, and passes the rear side of the air intake
port 6 of the bellnouth 5. Therefore, the main air
flow fl passing across the vanes 3 is effectively
drawn toward the distal ends of the vanes 3 by the
circulating flowf2. As a 10 result, the air speed
distribution in the exit portion of the vanes 3 is
inmproved uniformy. This enhances the aerodynamnc
Sl%gEFBrﬁﬁnEﬁoéﬁdOFeE%%e%b%ﬁ%r%$P%%%Weﬁkﬁse Mor eover
since no shroud is required, the inpeller 1 can be
nol ded integrally. This sinplifies the structure,
r edugesciibczbby s, tlando i epeove so hegs: priodudiddy t30 dauses
centrifugal ower havi an i eII r.as scri be
end SEBLEREEES nE ShEer Daekeh hesTRs fro 3k, FgR, 06T from
theapheleti Bedands i fied uthpgl Pt et , dfpcswg Ba@Ndn 3P the
| ocated 20 rearward frominner diameter ends 3a in the
impelheFohal andi Peeseontive ofe2nesidpedf dihel akhel nidanmArt
6 §EALhS peesaunen 6 fialanceial o neher ance ryalug, of

m ni mm Specl n0|se evel ratio

' paﬁséﬁgreocessathe V@W@% »fi9)ef fer el relas uetirusiawp tdheche

nes as araneters. The 25 measur enent
a1 PHEa o f B e e RO Y | Pre [ LA o W £243 25 a

redher cephEl éygaé b QVBS s USBEL £ Obn L1E (RASI QTR g ¥
i mpel | er forne as shown Figs. 40 and 41. Each vane 3

theasangs 301§ nierraved eurellf@lfmlzss dé’@rl@egnaﬁacaﬁ obel et

.nl et
2e fOOELRE: Bl lBiEe S P SO L LS dha el
Mo B&o @ Angli 36e nimo smﬁﬁmfci$VEéqulﬁ&dAruhﬁ idigadiEtear 1Dazan be
he air intake part 6 41 of the bellnouth 25 is 130

. of
mofﬁiﬁéaﬁ% Cegrdhher - ditdretsdrrd i fHfs the sGraFtyraneterupss
co®fs! hendanoonés il R and-A60; ¢y  respectively. 5

From t he neasurenent results showi in Fig. 43, it can

In a centrifugal blower having an impeller as
described above employing sweep back vanes having a straight
camber line and including outer diameter ends 3k located

rearward from inner diameter ends 3a in the rotational

direction M of the impeller 1, the maximum static pressure

efficiency ratio (reference value of 1.0} and minimum

specific noise level ratio (reference value level of iO)

were measured using the number of vanes as parameters. The

measurement results obtained are shown in the graph of Fig.

43,

The centrifugal blower used for the measurement has an‘
impeller formed as shown Figs. 40 and 41. Each vane 3 has an

inlet angle 8; of 25 degrees and an outlet angle 6, of 50

‘degrees as shown in Fig. 42. An inlet height B; and an

outlet height B, of each vane 3 are 35 mm and 30 mm,

'respectively, An inner diameter Dy of the air intake port 6
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be determ ned that the performance deteriorates when
the nunber of the vanes 3 is |l ess than 20 because the
circulating flow f2 enters deeply into the vanes 3 as
shown by f2' in Fig. 44. On the other hand, when the
nunber of 10 vanes is greater than 50, the performance
al so deteriorates because the intervals P between the

f ty. di oLti ons t he_vanes 3 beco t 00
Ofn%??oagifﬁgégﬁtégs?g %gé Propfe a%sl%%gﬁrggﬁ%eg%ngl and
anselitem di1&meteur Dwheh e vuder Hfe vianeswus drid 26d Gum,

50. Eurt er, the static pressure efficiency ratio is
TeRPGh- L ¥RdYt he specific noise level ratio is

mnimzed. Thus, it is apparent that the noise

reduction performance is effectively inproved while
t he Feemetfli¢ ciensyrémenncresskds 200w@i nh arig. 43, it can

[ s .in performapce related to, the nunber of
b O e e e P8P T b S TRE Sb oVEt S HP 50t MaBh et
nuipbodb Metiie wated 08 as t nek§ tn anbpdi peni, deserd bed
,Iater.,ZSaéNinth Enbodi ment) Figs. 45 and 46 show a
Clrentd g at Lo olvererdedsr darplivo 1 onititeh vewisedidnaist stlown
the pre i2Vengi,o .n 30, Figs, 45 and 46
bytﬁisgggﬁﬁgﬁfﬁgél EPO&E?AﬁggggﬁH?hgélV%?nlﬁhﬁthﬁ sr of
vaner| irlesredtorr el 80, atik Ske sfapethdwh PBsdald t@r dorates

bt P ettt du B et bl (il TG o Vil Rprtions of

tharvanged aseddite 4%0 narrow, -~~~ Peripheral portion of

the hub 2 at predetermned intervals in the
circunferential direction. The inpeller 1 is of a

r adipg| SHNE-dPe R0 pcraolﬂlee%sa as described above seldom
occur when the number of vanes 3 is 20 to 50. Further, the
static pressure efficiency ratio is high, and the specific
noise level ratio is minimized. Thus, it is apparent that
the noise reduction performance is effectively improved

while the fan efficiency is increased.

Similar improvements in performance related to the

_number of vanes can be expected for the above sixth and
seventh embodiments and for a twelfth embodiment described

. later.

(Ninth Embodiment)

Figs. 45 and 46 show a centrifugal blower according to

~a ninth embodiment of the present invention. As shown in

Figs. 45 and 46, this centrifugal blower has an impeller 1
which includes, for example, a disk-shaped hub 2 having a

central portion to which a rotation shaft 4a of a motor 4 is

: connected and a plurality of vanes 3 arranged on the
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5 radial plate fan type) in which each vane 3 has an
inner dianmeter end 3a, or a front rim that is ,
~neither inclined toward the front nor the rear in the
rotational direction M and has a straight canber |ine
extending in the radial direction. 10 The nunber of
vanes 3 of the inpeller 1 is set to a |arge val ue,
for exa to 72, and a ring body 20 having a

( npl e, 30 .
PepiRuet et okl o deh He nhehe? cehthTIdRfed it tithfriag s
. arf.an i p tion of the ends of the
1n1%ﬁ€a%§€cgﬁf%ﬁ§ngg%}n%ﬁ%ﬁé%f e. In this enbodi nent, '
the end of the ring body 20 and the ends of the vanes
3 at_the side of _the bellmouth are inclined towar
the i Jznﬁ;f%l%% L et FUGRS T SET OIS K fdded 2
ra@OWol A &l fan 4dypd N Of NEHHicl esPactvand he 16dd UGt Uirthof
_the ninth enbodinent is basically 20 the same as the
digpever epidddaen®s. a THeorknt Fif ugat blovirgldien hinclined

Len [ h [ r : ris .
tog%%@gﬁﬁgr%%p |n8€% |%a‘$%% &?ﬁﬁh?éﬂégﬁﬁﬁ%ﬁfﬁc%B%%QQQn M
and hese of st hei ghovearidodi tentsx wéridiong i 25heshraalidy 1

.al so, has the advant ages descri bed bel ow that are
dige¢hidR- to those of the above embodi nents. ,
Specifically, the presence of the ring body 20 causes
the generation of the circulating flow f2 that flows
out Threomur@er hef crnet ik tdfe tiwedinksat lerisl, seff dws a

ck_into the inpeller nd sses. the .rear_ sj f
128 A 108, (000 IR L, oo 38 PEPMR N Tt g
havbid) &iprddove fnipassingth acrasstide-aranesiiiydls direction

effectively drawn toward the distal 43 ends of the

18 RN BBy heh @i RRTHRR TR AW ¥ ok e el OF (i
vaddd 2Peatk Bl ihOuth Wiad. LG eriils BAELLAMOk, ! R8e end of

vanes 3 1s inproved uniformy. This enhances t

- theerodyrderdy 20 and the ends of the vanes 3 at the side of
the bellmouth are inclined toward the hub 2 in the

centrifugal direction, like those shown in Fig. 44. 1In other
respects, the structure of the ninth embodiment is basically

the‘same as the above embodiments.

The centrifugal blower of this embodiment, which has
the impeller 1 as described above formed in combination with
a bellmouth 5 like those of the above embodiments without a
shroud, also has the advantages described below that are

similar to those of the above embodiments.

Specifically, the presence of the ring body 20 causes
the generation of the circulating flow f; that flows out from
the outlet side of the impeller 1, flows‘back intc the
impeller 1, and passes the rear side of the alr intake port
6 of the bellmouth 5. Therefore, main'air flow f; passing

across the vanes 3 is effectively drawn toward the distal
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. refhaes basta, canbeimproees shightpyodnctinedyt oward t he

performance and reduces operational noise. 5 Moreover,
since no shroud is required, the inpeller 1 can be
nol ded integrally. This sinplifies the structure,
reduces costs, and inproves mass productivity. 10
(Tenth Enbodi nent) Figs. 47 and 48 show an inpeller of
a centrifugal blower according to a tenth enbodi nent
of the present invention. As shown in_ Figs. 47 and

- eng8, OthFBecBALPFT gl 1B bFbherl2hpRe| BFOY Fncl ded, result,
'th&oéifxgﬁgéﬁ’d§59£§gﬁ§b§ﬁegnhyﬁe2exbévb$9t§oﬁe8%r@ﬁg_vanes
shaft 4a of a

portion to which a rotation not or IS
3 tenimprededndnafpimial i tRhicf erdrescds adrlrangeddmantike
Pﬁriﬁheral ﬁgrtign of the hub 2 ft $redeternined
PerRYEFOArE PRt heYUFPEutrerahtParl diPe8Eron. 20 The
inpeller 1 is of a radial vane type (first
modi fication of the radial plate fan type descri bed
abojTeeERhi Thneacke valineo 3 hes aedihned, dibkeretere ke 1
G ' hatq,i: [ r-4 nel..ne
ca§abeolﬁo (tie%o?H%%@:%%l hale % ﬁqe“%rl?tf]te%cﬂ gﬁér%vé?gu%e,

the fron ear In ationa ection

rear in the rotational direction M The nunber of
vanes 3 of the inpeller 1 is set to a 30 |arge val ue

(T&hth fOrpb&XaPhey 30 to 72, and a ring body 20 having
a predetermned width Hin the centrifugal direction

is arranged on the peripheral portion of the ends of

t he ~~vanes,.at e, bell nputh side., In this enmbodi nent,

t he Feln(%ybfdﬁfé%el}ér)isnhgo oadgl éﬁje:lnloelf h%Pe%o%e%t?rJtﬁggal
bloasesaScatdihe b de ©ofntH hanbedim®ut ho Ar€hé neté stk
. toward the hub 2 in the centrifggal direction like in
1n¢$ﬁﬁlqm: pﬁ é#ﬁgglﬁébﬁg@§s’47 and 48, this centrifugal

blower impeller 1 includes, for example, a disk-shaped hub 2
having a central portioﬁ to which a rotation shaft 4a of a
motor 4 is connected and a plurality of vanes 3 arranged on
the periphéral portion of the hub 2 at predetermined

intervals in the circumferential direction.

The impeller 1 is of a radial vane type (first

modification of the radial plate fan type described above)

in which each vane 3 has an inner diameter end 3a, or a
front rim, that 1s neither inclined toward the front nor the

rear in the rotational directioh M and has a camber line

.slightly inclined toward the rear in the rotational

direction M,

The number of vanes 3 of the impeller 1 is set to a
large wvalue of, for example, 30 to 72, and a ring body 20
having a predetermined width H in the centrifugal direction

is arranged on the peripheral portion of the ends of the

- vanes at the bellmouth side. 1In this embodiment, the end of
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the structure of the tenth enbodinent is basically the
sane 5 as the above enbodi nents. The centri fugal _
bl ower of this enbodi nent, which has the inpeller 1
as descri bed above fornmed in conbination with a
bel |l mouth 5 li ke those of the above enbodi nents

w t hout a 10 shroud, al so has the advantages descri bed

enBoL B 1, 250 BT o0 DB RS, SOUE g 1o oo

‘thbodyl2fccabsese ihel generadiond ofhé heusiz cuh atiag fl ow

f2 that flows out from 15 the outlet side of the

- Cephpafyerl 19irpehionatkks ntdy The- i fhel I8 oEheand esRESES /

h Ldeso h i t; -
O T R B, CTherer orar e A ohe A oeicdfly che sane
as athessbthe smbediBentsseffectively drawn toward the
distal ends of the vanes 3 by the circulating flow
f2. As a result, 20 the air speed distribution in the
exi tTROr¢&0fr Pludde Manes: i | tshi STV U OWH R has
Thi s enhances the aerodynam c performance and reduces
thepepre ! baal 1 nes séeswbilest exboes nkermed Shreuwdimtion with
' h -'gpﬁl b d ¥y ral l.y.
a k%’ ?%ﬁé?ghplif’fl&é% t e(g% r%%f%?ee,%éépuceg%%%% egrgcgéﬂécﬁlémt a
shiogd ovaebs oreisss prios undvan tage Fate d drei lnehtrd fagalhdd cner
,of the tenth enbodinment, the maxinmm static pressure
SIF 3% Bnc ?%ﬁi%g(i?féﬁ RN SHRAUEHIES 0) and ni ni num
specific noise level ratio 30 (reference val ue | evel
of 0) were neasured by using the nunbers of the vanes
as eRRfEiegarly THaamasseamntof dhd tsinotcainmed areises
j h of. Fig. .5Q. 45 The. centri fuygal
th%l %//\W;e?f%%{e fcgfr e cnj"eracstglraetrrlen R iﬁjlﬁarﬁelfrutg‘r’qs out from

" thd arutele ass shovwt Fitgs.imde dnd 48. Hachs @ 3 has e

. iqtft a glecgl of 90 degrees and an outlet angle 62 of
1mess L Hegre NP E S Thf BSRT Atdeadt i aldi gittage port
6 AN bellmouth 5. Therefore, main air flow f; passing
across the vanes 3 is effectively drawn toward the distal
ends of the vanes 3 by the circulating flow f,. As a result,

the air speed distribution in the exit portion of the vanes

3 is improved uniformly. This enhances the aerodynamic

- performance and reduces operational noise. Moreover, since

no shroud is required, the impeller 1 can be molded
integrally. This simplifies the structure, reduces costs,

and improves mass productivity.

- For the centrifugal blower of the tenth embodiment,
the maximum static pressure efficiency ratio (reference
value of 1.0) and minimum specific noise level ratio
(reference Vaiue'level of *0) were measured by using the
numbers of the vanes as a parameter. The measurement results

obtained are shown in the graph of Fig. 50..
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5 outlet height B2 of each vane 3 are 25 nmm and 20 mm

respectively. An inner dianmeter Do of the air intake

port 6 of the bellmouth 25 is 130 mm and an i nner

di aneter D1 and an outer dianmeter D2 of the vanes 3

are 130 mm and 150 mm respectively. 10 Fromthe

measurenent results shown in Fig. 53, it can be

dete ned % é thﬁ gfrfornanc et eri orates when t tq$

nunb ©ofF SR hbt Vates 3TUET 4T nir 30 DGR et fas an
impkhCekhakbhelll QW 2ot BI§s degpl ynd MO, t IR NHARRS:e3 Ahas an
- shown 15 by f2' in Fig. 44. On the other hand, when
in{gé ApgberPoPf PAnEsIEseqr eatlepnt RHALTZE, appde 62 of 75

rgoan S ripgat u int a P

Ao A RoPh o 1 af® forth o TR, By

oubéebnheﬁghtnﬁqruﬁNedﬁhIuansnﬁraﬁﬁ 23 e @Emebl2énsmngs
|be above sel do i occur when _t he nunber of vanes

reépﬁg 39508 7200 PdSerd i Atid S stat PE pRBsddFetntake port ©

ofethibcheneyohehi 951 s hw@ RN A Des s PEed CdlaE}ﬁJé@@r D; and
- level ratiois mnimzed hus, it is apparent that

- ant petaAdi éeam@a@ttlpzo@fpéﬁeommme 3 gref 166t iwelapd 150 mm,

5 while the fan efficiency is increased.
re§§g£? | rovenents in performance related to the
nunber of vanes can be expected for the ninth
enbodi nent.  descri bed above and el event h enbodi nent
desck¥eRdt IB%IWSU%WG(@ SAHHT Erffsttithelrit )Fliﬁ-l-gs5 S5t can
be 38t 22nSHOW &at RGL | SL - O i SNt Jd f10R) r 2 A BhioWRTthe

according to a tenth 'enbodi nent of the present

nuppeentf obhe Assamﬁ)vm in Rgs. thhn aid B2;auds sthe

f bl I f anpl
ci SER A LA o) B e TR et Y R TR e oo Tah S

byafrsotiat iminy .S haf.t éﬁ oheadother hand, when the number of

vanes is greater than 72, the performance also deteriorates

because the intervals P between the front distal portions of

- the vanes 3 become too narrow.

In contrast, the problems as described above seldom
occur when the number of wvanes 3 is 30 to 72. Further, the
static pressure efficiency ratio is high, and the specific

noise level ratio is minimized. Thus, it is apparent that

- the noise reduction performance is effectively improved

while the fan efficiency is increased.

Similar improvements in performance related to the
number of vanes can be expected for the ninth embodiment
described above and eleventh embodiment described below.
{(Eleventh Embodiment)

'Figs. 51 and 52 show an impeller of a centrifugal
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5 nmotor 4 is connected and a plurality of vanes 3
arranged on the peripheral portion of the hub 2 at
predetermned intervals in the circunferentia
direction. The inpeller 1 is of a radial vane type
(second 10 nodification of the radial plate fan type
descri bed above) in which each vane 3 has an inner
[ a; 0 0 I4F t kS [ I
e of B Phe FEBer RBPCHERbREcgr FhE, hE€bent
inren&tiponal Agli sleotn oin M amel. a5 caaersd i nenisldghtdyfugal
blinclined &Eparﬂ the front in the rotational 15
QrPECtBRMEE The ' RGMBEFS of TOANBE2BP S t Redi Apefliaped hub 2

haw$ngeh ten8rahap8t¥8hUeoOhnifbRr aX@PRL Son30ntPr72a of
Iikg in the abo%e enbod?nen%s, 3nd a ri%g g%%y 20a ot @
mohayi Agia perdeceedi aed @i dihr20ikyi oftheneendrafugayed on
[ | ' d_on. i he, periphgral rti on of
endl BEELHARLRE, BEFELRR 0T bRenBE ¢ Fott B er BECEREReRh
ineabodl gent, thbecendunfetBetLaDgdbedyt: 20nand t he ends
of the vanes 3 on the side of the bellnouth are
inclined toward the hub 2 in the centrifuga
di r eghi Ofinbd kEed M Fi g0 #4n J4hi e e
structure %f the el event haen%%gd?ﬁé}?% s{ é;sr%:éa(f?é@t he
modafiecatiohec Abbive eadbal nehtse Tie camt rddsigalbdd oviesve)
. of. this odi nent,. which has the inpeller 1 as
lndvé%%:?ﬂll b%%&gb%%réef or'hdY T LOReT n%{?%%ip%t?f}dﬁ'a or a
fraet | mbut thot | 1 Kend heiser of nd hen & ovew erdodh et Snt nor the
W t hout. a shroud, al so has the advantages descri bed

reghl biv thatrafaticnad | dkrestiondt id thecamose 1ine

slf@@@ﬁ%nﬁﬁéfinég LT CaL | o A8 Prsencs of ; fhe ring

- body 20 causes the generation of the circulating flow

difgctiem Ml ows out from the outlet side of the
inmpeller 1, flows back into the inpeller 1, and
passes the rear side of the air intake port 5 6 of the

bel ITutrurbe Ther efards 3 her aid @geifllaawWif lis set to a
large value of, for example, 30 to 72 like in the above
embodiments, and a ring body 20 having a predetermined width
H in the centrifugal direction is arranged on the peripheral
portion of the ends of the vanes at the bellmouth side. 1In
this embodiment, the end of the ring body 20 and the ends of
the vaneé 3 on the side of the bellmouth are inclined toward
the hub 2 in the centrifugal direction like in Fig. 44. 1In
other respects, the structure of the eleventh embodiment is

basically the same as the above embodiments.

The centrifugal blower of this embodiment, which has

the impeller 1 as described above formed in combination with

‘a bellmouth 5 like those of the above embodiments without a

shroud, also has the advantages described below that are.

similar to those of the above embodiments.
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passi ng across the vanes 3 is effectively drawn toward
the distal ends of the vanes 3 by the circul ating
flowf2. As a result, the air speed distribution in
the exit portion of the vanes 3 is inproved

uni formy. This enhances the 10 aerodynam c
'perfornance and reduces operational noise. Moreover,

g sinc hro equi red, the_i eIIer a

ol et E Ry Srh St 1 p R By e i 20 anses
thée@‘@§§§a€§?§hsofaﬁﬂel HPE@ME§tHﬁ§SfP6»Qd %tﬂh\éitt Yelok® out from

(Twel fth Enbodi ment) Figs. 53 and ow an i npeller
thef cutéent piflagaf theowepehéenr Ui n@l@\@s abaglkel into the

nt e t ent As. sho

B Bod T Al h SRR SRR refT e e b e Fiperf Gy Ad port
6 Dlﬁcthdebelimbue}(aﬁpl eI.‘he&eCHcsd% Sl’taﬁe(ihd’llib aadeng f,a '

central portion to which a rotation shaft 4a o
Pagptpy 4CH8SPsTRBnKBRERIS ah®l AL pPGFEIFLY %]Fa%n"e%w%rd the

di8tkanggeds o8t PRe 9§ﬁé§h§f1§§/ PRE td PR Rf ot i h?‘f;?@ Al As a

predetermned intervals 1h the circunfere
rediitbet toa. aThespapal destaihet bn aln athal exbnepdypieon of

enb B850 by, 2y TR BRI Mg sRae R i

‘actadheinl & NBef £6LRERE: | And h@edm@é@tm&a&tmwptnme 48

The nunber of the vanes 3 of the inpeller 1 is set to,
for exanple, 20 to 50 like in the sixth, seventh, and

e gm&e%dlmi’nﬁ In t‘{]e centr ugé?a\(jiﬁbg qnpeller t

predet'erm ned ‘w dt irectron’is
camrbpangetden imeegealbheraml5 pdnpildf iels tthe endwncafire,

th t the bellmouth side. In this embodiment
e d ST T HPHOU: Jtr S UGS - Che vanes

3 on the'side of the bellnmuth are inclined toward

(Twelfth Embodiment)

Figs. 53 and 54 show an impeller of a centrifugal
blower according to a twelfth embodiment of the present

invention.

As shown in Figs. 53 and 54, this centrifugal blower
impeller 1 includes,lfor example, a disk-shaped hub 2 having
a central portion to which é rotation shaft 4a of a motor 4
is connected and a plurality of vanes 3 arranged on the

peripheral portion of the hub 2 at predetermined intervals

- in the circumferential direction.

. The impeller 1 is of a radial vane type fradial tip
fan type with'anreutlet angle 8; of about 90 degrees) -in
which each vane 3 has a curved camber line recessed in the

rotational direction.
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the hub 2 in the centrifugal direction like in Fig.
44, In other respects, the structure of the twelfth
enbodi ment is 10 basically the sanme as the above
enbodi nents. The centrifugal blower of this

enbodi nent, which has the inpeller 1 as described
above formed in conbination with a bellnmuth 5 Iike

thos of the abovye, enbodi ments wthout a shro
1 90 TS PEHERdg it SioLSHESer T Bod b8 GREEILE Al als set to,

fogl Bikbab1k9 those 6h thecabavenenbediMENkSventn, and eighth

Specifically, the presence of the ring body 20 causes
embﬁél@éﬁéﬁatﬁ@d of rithe brArul&t hayifhbow bZetdhierhiond width
t.fro ut,l: I, ller flLows
gckk g%ngglEﬁﬁpg 1%% 1§§d9 aggggngﬁ reaF%E EsrlPheral
pomheoalbflmhakenﬁerbf ﬁhefvhhesbeklmn@tbeilmEHehe%@a@, In

air flow fl passing_ across the vanes
thaey @EPP@éWHEr awWhet 6Rdr 8t hBedrdpal bodnds Oofmfihéh@aﬁégs of

thd QﬁnEQeBCbBCEh@t%QBefB? Wi f,2. bé§lﬁoﬁ%ﬁu5? %ﬁcﬁhﬁea'ﬁoward

speed distribution in the exit portion o e vanes

| theshuhpaowedtun|ﬁenﬁtyfu@hnsdenhances {héeaénodypanmié. In

[ ornanc red ces, opera Mor eqver
ot BB e TBRE R oL e P ERRERBE, BFheRBrpRRLaEn, PREES ERApets
baﬁmbdedylah@gsahbyasThhé sboPki EBsdthensr uct ur e,
reduces costs, and inproves mass productivity.
(Thirteenth Enbodi nent) 49 Figs. 55 to 58 show the

Stru@ﬁ@rgeﬁérﬂ?hﬁaPaﬁiéwﬁ£ ﬁ%ogﬁfgré&ﬂ?&hm?hgmeﬁhlch has

according to a thirteent I ment o e present

thenyepelder 5 As dhsmnlbadFageve550tme88;ntbomblnatlon with

f l de f
= B bE R eat REbEoRRY PRy CheeRbPaP SOPPROREEEE MY ERORE
shtetal i @nsshahkt #BeO0bdRanPh@Es4descriphAepkedwanHa are

plurality of vanes 3 arranged on the
similar to” those of the above embodiments.

Specifically, the presence of the ring body 20 causes
the generation of the circulating flow f; that flows out from
the outlet side of the impeller 1, flows back into the
impeller 1, and passes the reér side of the air intake port

6 of the bellmouth 5. Therefore, main air flow f; passing

across the vanes 3 is effectively drawn toward the distal

ends of the vanes 3 by the circulating flow f;. As a result,
the air speed distribution in the exit portion of the vanes
3 1s improved uniformly. This enhances the aerodynamic

performance and reduces operational noise.

Moreover, since no shroud is required, the'impeller 1
can be molded integrally. This simplifies the structure;
reducesrcosts, and improves mass productivity.

{(Thirteenth Embodiment:)

49




10

15

“ 20

25

30

10 peripheral portion of the hub 2 at predeterm ned

intervals in the circunferential direction. The vanes

3 of this inpeller 1 are either forward inclined type

vanes 3A (Fig. 57) in which the vane 3 is 15 entirely

inclined toward the front at a predetermned angle in

the rotational direction Mor rearward inclined type

vanes 3B (Fig. 58) inclined opposite the forward

inclined type vanes. 20 Regardl ess of the type, the

nunbef 40f ygnes §80§h$ﬁethén§€£ﬁgfuﬂe'§f3ﬁ51ﬂcbékﬂé”éﬁea

value of, for exanple, 30 to 72, and a ring body 2
Cehévnﬁggalpbéd@eern¢ﬂ@ddmm9th0kalhhlheeen9ht¢mbwgﬁment of
th%lrgctlo |% ar %ed on the peripheral portion of

8 8Rds “of "YHE v% &s at the bellnmouth side. In this

25 enbodi nent, the end of the ring body 20 and the

ends_of the vanes 3 on the side of the bellnouth are

i ncl fhedn®Bhati® THES - hoh 20 abdngtithe eamErifugpl blower
; I on we S.q4 r t .
1m?%£f§%rgc%ﬂ?£u% gfhgo%hlrtggg?h ée%%%@i%%ﬂ§é?sﬁE@q£ Having .
Cebasatapbytihn sameh ash t herabavieoenbosafoedd sof £Omﬁma~4 is

centrifugal, blo f_this enbodi h t he
cof fReFpar 980 .2 SlEEs Phk SE oVaR e, Mot f A es e on
pei bReral DEbL A8 Nob th&enltihoses 0f pib8e BbAYBhed intervals
enbodi nents w thout a 50 shroud, also has t he

ingebant dgeunbesert bel dereutitat are simlar to those

~of the above enbodi nents. Specifically, the presence

of the ring body 20 causes 5 the generation of the

ci rcthatvaged | Dvof ZHimtidpeleout fromitite diddveird
. _sjde of the i eII ro back |nto the -inpeller
ingl e RS oEPE TR Fo Thaltid et B The sl 1 | HHakETbr 15
en®ofré g P@&iﬂﬁ%@rkéhaﬂamﬁﬁéOfﬁbnﬁné@ @Jﬁré&éﬁﬁﬁﬂlned angle

passing across the vanes 3 is effectively drawn
1nt§m%r@ot%@iqm@}aﬁlrectlon M or rearward inclined type

vanes 3B (Fig. 58} inclined opposite the forward inclined

type vanes.

Regardiess of the type, the nuﬁber of vanes 3 of the
impeller 1 is set to a large value of, for example, 30 to 72,
and a ring body 20 having a predetermined width H in the
centrifugal direction is arrangéd on the peripheral portion

of the ends of the vanes at the bellmouth side. In this

‘embodiment, the end of the ring body 20 and the ends of the

vanes 3 on the side of the bellmouth are inclined toward the
hub 2 alpng the centrifugal direction, as viewed from Fig.
55. In other respedts, the structure of the thirteenth

embodiment is basically the same as the above embodiments.
The centrifugal blower of this embodiment, which has
the impeller 1 as described above formed in combination with

a bellmouth 5 like those of the above embodiments without a
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'img@hhaPU1b 2n
AinF

10 ends of the vanes 3 by the circulating flow f2. As
a result, the air speed distribution in the exit
portion of the vanes 3 is inproved uniformy. This
enhances the aerodynam c¢ performance and reduces
operational noise. Mreover, since no shroud is
required, the inpeller 1 can be nolded 15 integrally.
This sinmplifies_the structure, reduces costs, . and

ShE Bisflove L Sialas pF BALERY SR EJ0C ThACSEREFe Ugat OBl bher A5

siRlgvetadvRALA08E BB H88GEI bedohehamtin relation to
the inner dianmeter Do of the 20 air intake port 6 in
the bel Il nmouth 5. (A) Wien the vanes 3 are forward

i ncl | . e A his case, -for exanple, .as,sho
SRR e RS RS % Bl T IR BTl e
thei genkabttdgnfdéowh@ £orortabynfhelowng, Oyt 20 owlhicut from

generates a strong circulating flow f2. Even if the
th?nﬂéFlﬁFaﬁ%@%rofbg%? tReehieri ht akéopdrback 3oLof thfe
| g a 0 y- ke e I
. R PR g oA A Trow T2 e post
6 effiobhal helbnoeth abe MBemrafere,i mpibodi 2 Wiy aupassing
deepl y. entering, the Lpner.side of the vane 3A) .
acERER KnR oAt S TS st PEF L1 Fudl Qo P RER End (dfetar
en¥Benrt e vemess 33 ap g flear vardul seihgedlyanes. 3Bs a kBsult,
this case, for exanple, as shown in Fig. 58, the ‘
thganes sPeaB)disheibehion dndikece¥bh Prekihenief the vanes

3 B TR Y Bl [ R b s

petfiermance makergpibute$ opetheiobeal | moid. 5 Mesragaducedince
a hown, by reference _nuneral 6B-in 10 Fig. 5 he

oG R PEURAL I g oM T v 1T CHOBLATS bi FChIBT R ALAre the

inte§gabody 201 theid] ideen wpntarhng dhe inneiced defs,

the vanes 3 (3B) As a result, desirable bl ow ng
andeiPR¥PEPTaIass productivity.

The centrifugal blower has unique advantages as
described below in rélation to the inner diameter Dy of the

alr intake port 6 in the bellmouth 5.
(A) When the vanes 3 are forward inclined wvanes 3A

in this case, for example, as shown in Fig. 57, the
vanes 3 (3A) function to draw in circulating flow f; formed
by the ring body 20. This generates a strong circulating
flow £;.

Even if the inner diameter Dﬁ of the air intake port 6

of the bellmouth 5 is enlarged as shown by reference numeral

- 6A in Fig. 55, the strong circulating flow f, will smoothly

circulate near the ring body 20 without deeply entering the

inner side of the vanes 3 (3A). This achieves satisfactory
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can be obtained. This achieves satisfactory fan

performance. 15 (Fourteenth Enbodi nent) Figs. 59 and

60 show the structure of main parts of a centrifuga

bl ower according to a fourteenth enbodi ment of the

present invention. 20 As shown in Figs. 59 and 60,

this centrifugal blower inpeller 1 includes, for
£a@XBARkE rpandiSk- shaped hub 2 having a central portion

to mhlcﬁ a rotation shaft 4a of a notor 4 is

connected and a plurality of vanes 3 arranged on the

25 pféLp@gral ﬁortion of the hub 2 at predeterm ned

i nt ef Val LR ntEReVER T uif *F BNt PAFWATH et F b heaRemedB

3 of this inpeller 1 are either forward inclined type

vanes 3A in which only the vane tips 3C are 30

i ncl Tnedhivromse afon prameter némeshawmgl niRighe58, the

at | [ Lon.Mor .rearward inclined t van
v T b U BSEbaR 4 Rt BFRATGS: BEF PRas £, Or EFEEE w0
dr3A (hotldel thech)atihg Regar €] essrefd the dh&idd@ody 20.
nunber of yvanes 3 of the inpeller 1 is set to a |arge
Ever| 4k bRe torekxdhpretenoly @ 7the @iF dntiaks et %0 of the
be I2bAN 2 Pf $0ELGa LA s Wollblln Hh ) N L B o £EDULLAMER 6B in
direction is arranged on the perip eral portion 0
FighedSendshefciheulanbsg atlewef belilliowroctitde, dirduiliate near
20 _and, t he end

enfrPR B A0S SR ARGl Hr R g ot ipre ide of

théenean@ed t 3wy d the o Med d,n dh 1N 18ahg performance
direction, as viewed fromFig. 59. |n other respects,

cag Hee stRirRIAE: off Ntiife ahiavesntan tic famtedividmn iperformance.

- basically the sanme as the above enbodi nents. The"
‘centrifugal blower of this enbodi nent shown in Fig.

(Fogr tedntth Brisodiecnmpel ler 1 as descri bed above fornmed
in conbination with a bellmuth 5 |ike those of the

above : :
Figs. 59 and 60 show the structure of main parts of a

centrifugal blower according to a fourteenth embodiment of

the present invention.

As shown in Figs. 59 and 60, this Centrifugal blower

impeller 1 includes, for example, a disk-shaped hub 2 having

.a central portion to which a rotation shaft 4a of a motor 4

is connected and a plurality of vanes 3 arranged on the
peripheral portion of the hub 2 at predetermined intervals

in the circumferential directicn.

The vanes 3 of this impeller 1 are either forward
inclined type vanes 3A in which only the vane tips 3C are
inclined forward at a predetermined angle in the rotational
direction M or rearward inclined type vanes 3B inclined

opposite the forward inclined type vanes 3A (fold line L).
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15 enbodi nents w thout a shroud, also has the

advant ages described below that are simlar to those
-of the above enbodi nents. Specifically, the presence
of  the ring body 20 causes 20 the.generation of the
circulating flow f2 that flows out from the outl et
side of the inpeller 1, flows back into the inpeller

es th [gar side of the air iptake port _6
of CHEoBBRTERE T st Ra e Rf or She (RERRRF 51 TFrbug 19¢ Ehe
impasskbng]l agE0ss tt Iﬁ@ wanes g2 s iekf gt i ey edJa@twlet,omr do 72,
the 25 distal ends of the vanes 3 by the circulatin

anfl] gyripg pgdy 2PeBavingt fePhfdebpepined svidbuti ol i

hbe;exitipILLepigf sLh 3,0 S o

co gL A LS T ) o

ofanuereddsesfopheavhnealanotse behbm@@wﬁrslsencexnahls
can be 30 nol

0 .
enBogiaby FRSbaa S £ PRe | EDSE HSOQY  S8Tana, Chadurds of the

vaRests, oﬁnghéWEIQM‘?@fnﬁﬁé PEOONGLEN T dYe Ther et ridddd the

bl ower described above has uni que 53 advantages as
hufedcinbelde beeohwr i Augel adi @ﬁctt-pmhew nneewedi tinen efido 59.

mn0behDE pLLotakecport, Bulp,Lhe pellIOuLh B (A Vhen

anes are’ forward i Acr |ned % nes avi ng

enpadenéhpsiSanctahed £ios Wade i & t tige rgb@ie oftbodiments.
direction In this case, for exanple, as shown in Fig.
60, the vanes 3 (3A) function to draw in circulating

Tl oynd 240 pEpeGAL egl@v)&ei: hger tﬂgsb%}éoa‘gmeﬁ@' %hB%'TEna Fig.

relatively strong circulating flow f2. Even
59rnﬁ@lcwlhmﬁtéhetbmm¢llﬂe hlas|¢&$¢xﬂmmmtameQﬁf¢fmﬁd in

ut h 5 L a h referen ner a
oRELRAPHT R SO BRGu BR SEN DIl Sd BTG TR
em}ScH@Qhéhht(s th’clud)@teanﬁafoﬁ@ﬁ 4169 hodyr 2 aMtdhotges
deeply entering the o
describéd below at are similar to those of the above

embodiments.

.Spécifically, the presence of the ring body 20 causes
the generation of the circulating flow f, that flows out from
the outlet side of the impeller 1} flows back into the

impeller-l, and passes the rear side of the air intake port

- 6 of the bellmouth 5. Therefore, the main air flow f;

passihg across the vanes 3 is effectively drawn toward the
distal ends of the vanes 3 by the circulating flow f,. As a
result, the air speed distribution in the exit portion of
the vanes 3 is improved uniformly. This enhances the
aerodynamic performance and reduces operational noise.
Moreover, since no shroud is required, the impeller 1 can be
molded integrally. This simplifies the structure, reduces

costs,'and improves mass productivity.
The centrifugal blower described above has unique
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i nner side of the vanes 3 (3A) This achi eves
satisfactory fan performance. 20 (B) Wen the vanes 3
are rearward inclined vanes 3B having vane tips 3C
inclined rearward in the rotational direction In this
case, for exanple, as shown in Fig. 60, the 25 vanes
3 (3B) function in a direction nmaking it difficult to

I in_the circul.ating flow.f2 forned by the rin
aclaR0ag " B et Y R s Mot Bt ar TboTof Ot AECat Piler
diamkake pErof6thefaiheihebhkaopbhtS6i snr eleiCod] Biostown,

by reference nuneral 30 6B in Fig. 59, the

circulating flowf2 will snmoothly circulate near the

ring d ' epl n i t ' r.,.Si

of tl’{lgs)vm%%l \é\t%%g&}r %sya% ?e%/(g}éwgslg?i{s}s%lcjt% Va'f‘:ﬂan 3B
hapgénfjormarcéip54 3CLANMG ihedAfoentridf ugalthkl ewestional
d.incl uding an inpeller (1) having a hub (2) with a
LEEHRELEP portion connected to a 5 rotation shaft (4a)

of a nmotor (4), a plurality of vanes (3) arranged on

a peripheral portion of the hub (2) at predeterm ned

i nt eEakBipncasei r EQnf exenplal dbrebpwonint hég. vahesthe

Vi.d i i a)_inelin war.d th

valelr o TRRY Flp it el FoaRr el L8, 2 kT ek BE ety s)
gefi@rptodi dgdtivet hiag byl BbakeTpDs t £ s ad regige adlan

air intaki si.de chi the inpeller, the centrifugal
SthPuderibelngt*BAatdEleftzed in that: a circul ating

flow (f2) is generated to flow out from an outl et

side of the inpeller (1), flow back into the 15

i npefver {f)thaninpassdiametgh Bo refrtlss del ofintlakeaiport 6

[ k r 6) of the bellmputh (5)..2. A
of A B LB hone s RATARTRG BN FhpBhi BY Fiference numeral
6A in Fig. 52, the strong circulating flow f; will smoothly

circulate near the ring body 20 without deeply'entering the

inner side of the vanes 3 (3A). This achieves satisfactory

fan performance.

(B) When the vanes 3 are rearward inclined vanes 3B
having vane tips 3C inclined rearward in the rotational

direction

In this case, for example, as shown in Fig. 60, thé
vanes 3 (3B) function in a direction making it difficult to

draw in the circulating flow f, formed by the ring body 20.

Even if the inner diameter Dy of the air intake port 6

of the bellmouth 5 is reduced as shown by reference numérél

6B in Fig. 59, the circulating flow f; will smoothly

circulate near the ring body 20 without deeply entering the
inner side of the vanes 3 (3B). This achieves satisfactory

fan performance.
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having a hub (2) with a central portion connected to a
20 rotation shaft (4a) of a notor (4), a plurality of
vanes (3) arranged on a peripheral portion of the hub
(2) at predetermned intervals in a circunferentia
direction, the vanes provided with front rins (3a)
neither inclined toward the front nor the rear in a
CL&?@ tional direction, and a 25 bellmouth (5) provided
iftth an air intake port (6) arranged at an air intake
side of the inpeller, the centrifugal blower being
characterized in that: a circulating flow (f2) is
gene}ated Rocenbyi Bagat riphewan bueleding g gimpdeer (1)
e 1) o, f bac )
haggﬂg %hbgé 2 hg9$%a$ é? EEQ% Eﬁr%?oﬁnpgﬁégéFé&'tQQ%6)

robhtibhe bthanuh (58). a3mottbe centrafpyatablioyest vanes (3)
according to claim 2, 55 characterjzed in that t he

aryapged( 8 PnPERAPRABREI BPTEIPNaPE thathwRl {2} Rl i ned

pré&eﬁ@@mﬁﬁ&@thﬁ@@kvgléeﬁﬁ'9”619cuﬂ9§r§§91£1f&%ﬁ%c%&éﬂ“”the
according to claim?2, 5 characterized In that the

vanapeBr¢8)ded whehi ﬁ?p@lllterll(t&) (3ge ientined ytowartd ngoe

osj t h on rectlon T trjfuga
ergRBuEh' 6 EaFar Rt BRke it 165 S0 Bind Dl elen'n
prohatietiheivanes é&} mta e bopel ey dddadded aiane
k I 'ker 442 ned ugde -
o tipsincglined in the rotational direction. 6. The
1HE%E?r?%é@a@fbr6ﬁe%m%%%%@a«neh@oc%m%;h#qg%# plower being

Chgpg&gggggéaegnlghggat the vanes (3) in the inpeller
(1) i1nclude vane tips inclined opposite the

rot ad i ohatubit ey i Dow 1&)7. 18Tmrlee:|attﬂdf tgaif Lblvowat from
one. of racteri,zed

an RSPESE "0heR R rRR i uief el of Lol bt A S
ing®)1ef (he, behd nmpas t(l’i:)ou@hf§pf@.§ﬁns§ﬁﬁ5e hyf Dthe &lir intake

i nner di aneter of_ the vanes (3) in the
port (6) of the bellmouth (5)}..

2. A centrifugal blowér including an impeller (1)
having a hub (2) with a central portion connected to a
rotation shaft (4a) of a motor (4), a plurality of wvanes (3}
arranged on a peripheral portion of the hub (2) at
predetermined intervals in a circumferential direction, the

vanes provided with front rims (3a) neither inclined toward

" the front nor the rear in a rotational direction, and a

bellmouth (5) provided with an air intake port (6) arranged
at an air intake side of the impeller, the centrifugal
blower being characterized in that:

a circulating flow (f,) is generated to flow out from
an outlet side of the impeller (1), flow back into the

impeller (1), and pass through the rear side of the air

. intake port (6) of the bellmouth (5).

3. The centrifugal blower according to claim 2,
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20 inpellers (1) is represented by D1, and an outer
di aneter of the vanes (3) is represented by D2; O<

. (Do-DI) (D2-DI) <0. 6 is satisfied. 8. The
centrifugal bl ower according to any one of 25 clains
1to 6, characterized in that when an inner dianeter
of the air intake port (6) of the bellnmuth (5) is

nfEREEETIE Y oy Oy R LA L e

en’@iht@lydir&mi‘i;r@éd ofn tie venesi4dilisi reprasented by D2,
-0.3<(Do-D1)/(D2-D1)<0.3 30 is satisfied. 9. The
centrifugal blower according to any one of «clainms 1
to 8 charggt erd, 484 4 h body: {P)
havi ng a pr edeterm ndgﬁh‘ ?%&Ténﬂ ;%centrlﬁgta (A A :
chwhratce’oumecﬂ sin athac hgte toames al 3di &t athenidgpofldhe(l) are
( eller (1 5 10. Th entrifuga
il Hlehad ererTres et "Lasst doial | Serd n thas
mhen awdth in the centrlfugal direction of the ring
body (20) is represented by H and the outer dianeter

of the vaies qNtoffudvl | ¢J@rar€qqrcﬁsng r‘é‘pr'@ééhmeél or 2,

- ond¥ader 00 SR, 22085 S ST e Ynkh i Tbe,

ower accor di one
indladd varttarta]qiaerjjrz:e]diﬂédtimttlae d:rcagﬂrnainaju fdJLtS@i‘tlc(rQB)
is arranged at the outlet side of the inpeller (1) to
guide air that is blown out of the inpeller (1)

di agpnal Iphe %%d&qrﬁ@ﬂ x;]?owéﬁhea@@é%&iwg% bLovRr1 or 2,

. according to any one of clains 10, characteri zed
chirpatieitizedilgydiat dém rvafru@%\l 3)d|3frf udes l(nz%lh@ (1)

1n%§ﬁ rmgﬁkeb?%ai Qg%ieé §h§SP % g%%%gaﬁlhiggction.
7. The centrifugal blower according tc any one of
claims 1 to 6, characterized in that when an inner diameter
of the air intake port (6) of the bellmouth (5) is
represented by‘Dg,'an inner diaméter of the wvanes (3) in the
impellers (1} is represented by D;, and an outer diameter of

the vanes (3} is represented by D, 0<(Dy—D1)/(Dz-D;)<0.6 is

‘satisfied.

8. The centrifugal blower according to any one of
claims 1 to 6, characterized in that when an inner diameter
of the air intake portr(6) of the bellmouth {5) is
represented by Do, the inner diameter of the vanes (3) in the
impeller {1} is represented by D;, and the ocuter diameter of

the vanes (3) is represented by D;, -0.3<(Do-Di)/ (Ds=D1}<0.3

-is satisfied.

9. The centrlfugal blower accordlng to any one of

clalms 1 to 8 characterized in that a ring body (9}, (20)
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centrifugal direction froma diagonal rear side. 13.
The centrifugal blower according to any one of clains
1 to 12, characterized in that a circul ati on space 25
(S) is formed at a peripheral side of the air intake
port (6) of the bellnouth (5) to all ow passage of the
circulating flow (f2) . 14. The centrifugal bl ower

accordi ng t.o. any.one of. 0.cl ai s to 13 . .
nag i Gac: BPPORKET fde “HLR AR oxFERSFu819RE: G thets
atvangsd(8p hRikhediepell end6lpri sheepagsented ikytBeand
~an_outer dianmeter of the vanes (3) is represented by
impgligrp#dd:-113 is satisfied. 57 15. The centrifuga

bl ower according to any one of clainms 1 to 13,

characterized in that the hub (2) of the inpeller (1)

has af.outBhedcanetefu@dltbhhdwes sombtr@ing ham cBaimed,

outer dianeter f the vane 3) 16, The centrifuga
ChOEbRER AEEGr APnbrE. ERaNr 18Tt bR albe: F9RETT Fd b
diwBenisn &xi thei denhebshy QEOLhESV§B§§esé§ﬁegfb%hﬁ, and the

impeller (1) is represented by B and an outer 10 .
ougpandiapebert fé GhAe¥aps8y i(3)reprbbeniwdebyep2(l) is

r<BLOEZEL00 19 geaidsfispih Thosnen puaal v

ccor one aracteri zed

~in that the number of the 15 vanes (3) in the
inmpeller (1) is 5 to_15. 18. The centrifugal bl ower
accot i ng 1° ar§Rbhel 92l dPLPWRr 12 P ABNE el fBerdFePt

clh@mgh?ttéthpuaﬁgfae£e£b§edvﬁﬂe§h£§)ai@i& Snk P81 f Bliser
(1) is 20 to 50. 20 19. The centriftugal bl ower
(Zatcosdinygareedngtonbeobutteni ssde ¢b e thmpebtterikedeo

gu%gft$g£sgﬁsgngg?giogg 5QE‘O¥39§§ i%ﬁeife%h?ljngfé$§%ally

rearward.

12, The centrifugal blower according tc any one of
claims 1 to 10, characterized in that a diagonal centrifugal
diffuser (23) is‘arranged at the outlet side of the impeller
(1) to guide air blown out of the impeller (1) in a

centrifugal direction from a diagonal rear side.

13. The centrifugal blower according to any one of
claims 1 to 12, characterized in that a circulation space
(S) is formed at a peripheral side of the air intake port
(6) of the bellmouth (5) to allow passage of the circulating
flow (f). '

14, The centrifugal blower according to any one of
claims 1 to 13, characterized in that when an exit side
height of the vanes (3) in the impeller (1) is represented
by B and an outer diameter of the vanes (3) is :epresented

by D, B/D»20.113 1is satisfied.
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25 20. An air conditioner including a heat exchanger
(15) and a blower (X) arranged in an air duct (14)
formed in a casing (13), the air conditioner being
characterized in that the centrifugal bl ower
according to any one of clains 1 to 19 is enployed as
the blower (X). 58

15. The centrifugal blower according to any one of
claims 1 to 13, characterized in that the hub (2} of the
impeller (1) has an outer diameter D3 that is smaller than

the outer diameter D; of the vanes (3).

l6. The centrifugal blower according to claim 15,
characterized in that when an exit side height of the vanes
(3) of the impeller (1) is represented by B and an outer
diameter of the vanes (3) is represented by D, B/D;20.08 is

satisfied.

7. The centrifugal blower according to any one of
claims 1 to 16, characterized in that the number of the

vanes (3) in the impeller (1) is 5 to 15.

18. The centrifugal blower according to any one of
claims 1 to 16, characterized in that the number of the

vanes (3) in the impeller (1) is 20 to 50,

19. The centrifugal blower according to any one of
claims 2 to 16, characterized in that the number of the

vanes (3) in the impeller (1) is 30 to 72.

20. An air conditioner including a heat exchanger
(15) and a blower (X) arranged in an air duct (14) formed in

a casing (13), the air conditioner being characterized in

that the centrifugal blower according to any one of claims 1

to 19 is employed as the blower (X}
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