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DESCRI PTI ON A METHOD FOR DESI GNI NG A MULTI BLADE RADI AL FAN AND A MJULTI BLADE
RADIFAL FAN 5 ( TECHNI CAL FI ELD] The present invention relates to a nethod
for designing a nmultiblade radial fan and gl so relates to a nultibl ade
radial. fan. [ BACKGROUD ART] 10 The radial fan, one type of
centrifugal fan, has both its blades and_jnterhl chanhel s directed

pkSE8BrRT6E,

radikal ly and is thus sinpler than other trifugal fans such as.

has backvar d- curved bl aabs MEFRB; RaRPERANIALTE uRbeTbLiobcRRBTAL Al \ de
use as a conponent of various kinds pf-housegﬁbd appl i ances. However,
design criteria for enhancing the quietness the radial fan have not been

eStainshed. This i s because the_rﬁdthngﬂAB SRRS?ﬂLa?RPied mai nly for
handl i ng 20 corrosi ve gases, gases including tine particles and the |ike,

t aki,ng advant age Q&Ebhgltggthﬁgbgradial fans having only a few bl ades
enabl e easy repair and cl eaning of the interblade channels. Fans used for

this purpose do not haveneophesenpeingehyigni eelats to aAmgvnber ek design
crikeria have been proposed for enhancing the qui etness of centrifugal

fans. For exanpl ededdpatage aPaudntiblaide- CpddaPulPencahdoalSborbbaté87to a
Japanese ' _

multiblade radial fan.

[BACKGROUD ART]

10 The radial fan, one type of centrifugal fan, has both .
its blédes and interblade channels directed radially and is
thus simpler than other types of centrifugal fans such as.
the sirocco fan, which has forward-curved blades, and the
turbo fan, which has backward-curved blades. The radial fan

15 1is expected to.come into wide use as a component of various
kinds.of househbld appliances. '

Hdwevér, design criteria for enhancing the quietness
of the'rédial fan have not been established. This is
because the radial fan has been applied mainly for handling

20' corrosivé gases, gases including fine particles and the -

 like, taking advantage of the fact that radial fans having
only a féh'blades enable easy repair and cleaning of the
interblade channels. Fans used for this purpose do not
" have to be especially quiet. |
25 A number of design criteria have been proposed for
- enhancing the quietness of centrifugal fans. For example,

Japanese Patent Laid-Open Publication Sho 56-6097, Japanese
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-2- Patent Laid-QOpen Publication Sho 56-92397, etc. propose elongating the
I nter bl ade channels to prevent the air flowin the interblade channels from
separating, flow ng backward, etc. Japanesg Pat ent Lai d- Open Publication
Shd § 63-285295, Japanese Patent Laid-Open Publication Hei 2- 33494,
Japanese Patent Lai d-Open Publication Hei 4-164196, etc. propose optim zing
the nunber of bl Ba&ensf LaidrPpesoPrhdierthon PhPgB6nPERRT er eEGt | Bropaf&nese

Pat ert Lai d- Qpen Publication Sho 56-6097, 10 Jap?nese Pat ent L 'd-C?en
Publ i cati on Sho $6°988&ingcthe dpterbladsnehanneleonleprevaat ?h@ air flow

e o Bl b Ba88 BBhE ea R kol BBk 3RRSSE LM o, | one

Japanese Pat ont BACHMEBT BYSI o JAPEHOSRo PALRESo 8 1§20BRAEBURL T gRE Y oR " Snb"

raid-tben Publyl Cl4-95298 ,5Gupdfidst. pakent2181400peh? hbﬁaba@@agggg@r bteria
or obtai-ning a quiet tan. The proposals of Japanese Patent Lai d-Qpen

Publi cation 20 Shayad-,23agdnest2Paient Bﬁﬁ%ﬂbﬁgﬁi@uSﬂQEaE@BhiHé&iQQIEﬁh93;
33494, Japanese Patent Laid-Open Publication I 4-164196, etc. can be

applied only to siteqCpropdze Wptiniziag dhamuaberabifodladleysoft Reygisbecoot
general purpose design criteria for obtaining a quiet fan. 25 (D SCLOSURE
OF | NVENTI ON] Theannwdrithoms lafrgehd ipmetert riatdent i on conducted an extensive

study and found that there is a definite
Japanese Patent Laid-Open Publication Sho 56-6097,

10 Japanese Paténﬁ Laid-Open Publication Sho 56-92397, etc.
disclose only the conéept that the interblade channels
should be elongatéd. They do not disclose any correlation
which Shduid’bé_eétablished among various fan specifications
for optimizing the quietness of the fan. Thus, the

15 proposals set out in Japanese Patent Laid-Open Publication
Sho‘56¥6097,'Japénese Patent Laid-Open Publication Sho 56-
92397; etc. are not practical design criteria for obtaining
a quiet fan.- |

| The propbsals of Japanese Patent Laid-Open Publication

20 Sho 63-285295, Japanese Patent Laid-Open Publication Hei 2-
33494, Japanese Patent Laid-Open Publication Hei 4-164196,

etc. can be applied only to sirocco fans with large
% _ o "diameter ratios. 'Thus, they are not geheral purpose design
criteria for obtaining a quiet fan.
25 _[DISCLOSURE OF'INVENTION] .
The inventors of the present invention conducted an

'extensive'studj and found that there is a definite
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-3- correlation between the quietness of a nultiblade radial fan and the
specifications of the inpeller of the nultiblade radial fan. The present
i nvention was acconplished based on this fjnding. The object of the present
invention is 5 therefore to provide met hods for systematically det erm ni ng
thé specifications of the inpeller of a nmultiblade radial fan under a given
copdi tion, basedconrehatiboveendrenohbe quiphnesscofrealaulbhblade radial

opti mi zing the quietness of the nultiblade radial fan._Another object
the present 10 iAeBneR@nthe epepidiratiansuefi bhadimpadiar PﬁntH%sPE%EHblade

S?TSﬁng{jéQing? it :ﬁggﬁ?ﬁ Fa%. B gmgr"sf%ﬁgééﬁggnﬁigﬁégé‘?gﬁégaﬁi’éiﬁﬁ azbise
ol L bl ade 1 adi aP? iﬂiéwg‘ihgeﬁﬁwe@h Rp 13390 ok 9*%@%?8?5@%1?5
expressed by %het§%9@nge[%ﬁr Pv1 f8ﬁgzﬁ355098r(gpsﬁgﬁ?E?EQYiﬁpdgFerﬁfﬁiLg

i nsi de radi us “of oufside ra

nunber of rad'a'kmedsb%e&?§c9%§8ﬁ§ of %ﬂftﬁhghﬂﬁéi 8f ahﬁuieebfbhx fhpegied

bl ades). According to"the first aspect present 1 nvention, there Is

al so provided a F&thﬂdEQVad§§V§ﬁ'BgnaiﬁmbhlbbaﬂédféﬁlﬁheféBovéhﬁéﬁtmoned
specifications of the inpeller of the nultiblade radial fan are determ ned

so as 25 to sati gkyinlicecebrekeanitaongxpndsspdinyztihg thenghdetuess perthe
and [err] [err] 0.4 (in the fornulas, [err] inside radius of the
multiblade radial fan. Another object of the present
10 invention is to provide a multiblade radial fan deéigned
| based on thé method of the present invention.

According to é first aspect of the present invention,
there is provided a method for designing a multiblade radial
fan, wherein specifications of the impeller of the

15 multibladé radial fan are determined so as to satisfy the
correlation expressed by the formula p =-0.857Z:+1.009 (in
the formula, p = ro/ri, Zi=(ri-re)/[ri-nt/( 2z )], ro:
inside radius of the impeller, r: : outside radius of the
impeller, n : number of radially directed blades, t

20 thickness of the radially directed blades).

~ According to the first aspect of the present
invention, there is also pfovided a methdd for designing a
multiblade radial fan, whgrein specifications of the
impeller of the multiblade radial fan are determined so as

25 to satisfy:the'cbrfelation expressed by the formulas y =-

0.857Z1+1.009 and 0.8z v = 0.4 (in the formulas, vy

=ro/ri1, Z1=(r1-ro)/[r1—nt/( 2 #)], ro: inside radius of the
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-4- inpeller, [err] : outside radius of the inpeller, n : nunber of
raci ally directed blades, t : thickness of the radially directed bl ades).
According to the first aspect of the presept 5 invention, there is also
provi ded a nul ti bl ade radial fan, wherein Specifications of the inpeller of

the" multiblade radial_ fan satisfy the correl ation.expressed by the fornul a
[err] > -0.857z+AmREd ke ttHe t stthilde radius fr the dmpeller, n nyingaber

dius of the inpe|l 10 qut si diys of_the inmpeller. n_:
of radial 1y i r oled AR ALrached iade, of ethekneTRate g nadladdy

According to the fjrst_ aspect,of, the present invention, there is also
provi ded a nultitﬁ%ﬁﬁ??%éﬁﬁ%aq%ﬁa‘ 15 wherein specifications of the inpeller

o e 1o o ot el Al 0 Sl R T
o2l Lk b g vt o il gt meld Sansiida e fan

radi us of the I npe .
thickness of the yiadidid Ysphd Beiart R -tHRe aHpfNGr B8 t3RC aRd t3Rde of

t he present invention, there is provided a nethodﬂ%or designing a

nul ti bl ade radi alpddinl What eddt sRLiflie adransl afidheipmdet W dhe Frmula
mul ti bl ade radial fan are determned so as to satisfy the correlation

expressed by the fopnzl€D (85T {G0T [()n (thd efarimylas Z2 « im Arhe fZarrfuthacro )

[err]=[err] Z2= 0.857 {tcﬁg(z rr/n)- :
: _ /lri-nt/( 2z )], ro : inside radius of the impeller, r;

10 outside radius of the impeller, n : number of radially
directed blades, ¢t : thickness of the radially directed
bladesj.

| Accordihg'td_tﬁe first aspect of the present
invention, there is also provided a multiblade radial fan,
15 wherein specifications of the impeller of the multiblade
radial fan satisfy the correlation expressed by the
formulas p =2-0.857Z2:+1.009 and 0.8= p = 0.4 (in the
formulas, yp =ro/ri, Z1=(ri-ro)/[ri-nt/( 2 )1, ro: inside
radius of the impeller, r: : outside radius of the
20 impeller, n: number of radially directed blades, t:
thickness of the radially directed blades).
According to a second aspéct of the present invention,
thére is provided a method for designing a multiblade
- radial fan, wherein specifications of the impeller of the
25 multiblade radial fan are determined so as to satisfy the
correlation expressed by the formula (1.009 -y )/(1 -y ) =
Z> (in the formula; y = ro/r1, Z2= 0.857 {to/[(2n'r{/n)-



i F
-5- Jerr] [err] inside radius of the inpeller, [err]: outside radius of
the inpeller, n: nunber of radially directed blades, t: thickness of the
radially directed blades, to: reference thfckness = 0.5Mm). 5
Actording to the second aspect of the present invention, there is also

provi ded a met hod _f or designin% a nmultiblade radial fan, wherein
speci fications oftl#ié isnpeil dnSdde; padius: o khe iBRPALeranTare QBEELAPNed

ROV s g MR TR

: 1=49. J AnL-t] L s LRS] di
of the 1 mell er, TRERRP  dut SPAERPRARCOTLERE bR ithany . FirkerklobaEgpEY "o -
radially direCteQe?%ggﬁgebE?%%?h% eSS ggmhpe radially directed bl ades, to:

reference thickness ( ccording 0 the second aspect of the
pregsent invenig on, them%cb%d%h%PtBrQﬁbd%@cénﬂuh%bﬁb%dﬁfr%ﬂbabrESBnt“here'”

specifications of the inpeller of the nultiblade radial fan satisfy the

correl ati on expr aas@e tivnt,hehlePemilsa ad@o pro¥dQed| ar methodlfor aeklizningla
(i the formula, v = [err]/[err], [err] 0.857 [err] , ro: inside radius of

the inpeller, [emultiblaide dadiadi fangf whleeeinpapleeiricationsber tche
radially directed blades, t: thickness of the radially directed bl ades, to:
ref erence thi ckndspellersSof) the5multibladecoadiad fant heesdetetmdnpdcisoohs
the present invention, there is also provided a nultiblade radial fan,
- to satisfy the correlation expressed by the formulas (1.009
10 -»)/(1 -p) <Zz and 0.8z y 20.4 (in the formulas, y =
ro/rv, Z2= 0.857 {to/[(27x ri1/n)-t]+1} , ro: inside radius of
the impeller, ry : eutside radius of the impeller, n
number of radially directed blades, t: thickness of the
radially directed blades, to : reference thickness =
15 0.5mm). |
According to the second éspect of the present
invention, there is also provided a multiblade radial fan,
wherein Specifications of the impeller of the multibiade
.radial fan satisfy.the correlation expressed by the formula
20 (1.009 -};_)/(1 -u._) <22 (in the formula, y = r‘o./m, Za=
0.857 {to/[(27 r1/n)-t]+1} , ro : inside radius of the
impeller, r : outside radius of the impeller, n : humber
. of radially directed blades, ¢t : thickness of the radially
directed blades, to : reference thickness = 0.5mm).
25 According to the second aspect of the present

invention, there is:also provided a multiblade radial fan,

"wherein specifications of the impeller of the multiblade
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wherein specifications of the inpeller of the multiblade -6- radial fan
satisfy the correlation expressed by the fornmulas (1.009 - V )/(1 -[err]
[err] and [err] p [err] 0. 4 "(in the forgulas,[err] = [err] [err]= 0.857 .
{lTerr]/[(2[err] ri/n)-t]+1} , ro inside radius of the inpeller, [err] :
odt5|de radius of the 5 inpeller, n_: nunber of radially directed bl ades,

t. thickness ofrﬁﬂéaﬁaﬁaﬂlﬁﬁtéﬁﬁwbﬁé@ iioxared atign ﬁép€ﬁ§ﬁ@é PHl@Pﬁe§§Pﬂ“135

d h fth
o7 ovi ted & mul 15100 Toack vﬁspe“n%.t.e B e b °Efav. f rérerahys/ .
dially di Wi t
o s 16 def i ne RO IR G Ras -sﬁﬁemwm R Bdnaaty*
avers in the i fierinade phanag! e qgn?,teﬁm%@te fr O 3RRRLALLAY uslBe te

According to a pr rese |nvent|on nn

otation of the TRSANEY ‘*‘[BR?EﬁF"’SE‘s%%e%ﬁ%%%E’“%’ﬁE‘%E%&V dhages, ngf

the drawi ngs: F'tQHrcﬁmjedss of M) rdW 10y Aidieriedeh a@RANNel ;Showragehlie
sttate of a lam nar flow in the divergent channel. Figure 2 is a plan view

of divergent chanielkndsd weensmdi.ally directed bl ades of the inpeller of a
mul ti bl ade 25 radial fan.
According to another aspect of the present invention,
‘there is provided a multiblade radial fan comprising an
10 impeller having many fadially directed blades which are
circumferentialiy spaced from each otﬁer so as to define
narrow channels between them, wherein laminar boundary
layers in the interblade channels are prevented from
separating.
15 - According to a preferred embodiment of the present
| ihvehtion.'inner end portions of the radially direcfed
blades are beﬁt in the direction 6f rotation of the
impeller.
[BRIEF DESCRIPTION OF THE DRAWINGS]
20 In the drawings:
Figure 1 is a plan view of a divergent channel showing
the-statg of a laminar flow in the divergent channel.
Figure 2 is a plan view of divergent channels between
radially difectéd blades of the impelier of a multiblade
25 radial fan. |

Figure 3 is an arrangement plan of a measuring

apparatus for measuring air volume flow rate and static
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Figure 3 is an arrangenent plan of a measuring apparatus for measuring air
vol e flow rate and static -7- pressure of a nultiblade radial fan.
Figure 4 is an arrangenent plan of a neasuri ng apparatus for neasuring the
sound.pressure |evel of a multiblade radial fan. 5 Figure 5(a) is a
pl an view of a tested inpeller and Fi?ure 5(b) is_a sectional view taken
al ong |ine b-b i nPEP§EREESPR) 2 RpdLik BdFsP&déﬂﬁanPEM/of a tested casing.
Figure 7 shows experinegtallg gbiained correlation 10 difgrans betyeen
m ni mum speci fic sound f&BBFe[ &, 1f 8B ATFRREEMRAT REER) Y |k JPeasuring

i agr am bet ween dRBRBFAFUPafPE arastRrasnchd pRUEY Breebied FEFEESH T can
15 nondi nensi onal Hyﬁggigéérg%ggggafégpelIers. Figure 9 shows

experinental ly oblai I'agranms bet ween mni ni mum specific sound

level [err] ang secongigzﬁgp%b§k£5iggnannghnggggpgﬁlang€y€éd2§mgéli§§t§ﬁd

i mpel lers. 20 I's“a correlation di agram between
nondi mensi onal nugbghrels P89 &sra]é&eﬁibhéilvieﬁrLék6ﬁriioﬁ@d1iné§§h9|ﬂn

| evel of second Karnan-&Fgglkan nondi nensi onal nunber Z2 of teste
i npel I ers. FigureFrigure 8(RHan sectional view of another type of
Figure 6 is a plan view of a tested casing.
Figure 7 shows'experimentally obtained correlation
10 diagrams between mihiﬁum specific sound level Ks,.,'and
~ first Karman-Millikan nondimensional number Z; of tested
impellers.
| ‘Figure 8 is a correlation diagram between diameter
ratio ahd threshold level of first Karman-Millikan
15 nondimensional number Z, of test-impellérs.
Figure 9 shows experimentally obtained correlation
'diagréms between minimum specific sound level Kg,;, and
second Karman-Millikan nondimensional number Z» of tested
impeilers.
20 Figure 10 is a correlation diagram between
: nondimensional number (1.009-ro/r:)/(1-ro/r:) and threshold
level of second Kérman-Millikan nondimensional numbef Z2 of
_tested'impéllers.
_Figure 1 is'a plan sectional view of another type of
25 radially directed blade.
| ‘Figure 12(a) is a perspective view of a double intake

multiblade radial fan to which the present inVention can be



4

{
25 radially directed blade. Figure 12(a) is a perspective view of a double -
I ntake nmul ti blade radial fan to which the present invention can be - 8-
applied and Figure 12(b) is a sectional vigw taken along line b-b in Figure
12(a%. [ THE BEST MODE FOR CARRYI NG OQUT TH@IWWWHVH()Q Preferred enbodi nents
of *the present invention will be 5 described. (1qg First Aspect of the
Inyention 1. The8PBlied apdcRésunrd!Akbn &praf pegsienabuyherabinkpnyalong
directed interblade chapnels_of a rotating inpeller, |amnar boundary
| ayers, 10 mhich1é§ﬁagége?8a§?Sy?edg§ZPép on the suction surfaces of the

Separate casi |y, (ABBoPESToHoPH. PiRCEaRRITNGpiin, THET THRENEEGNAS O (e
Howe 10 the raaal ly SFPESERS ARAPHLARE SnaknEre B SPREr KREpAEOAALLE be

secondary flo ls.se and a drop in the efficiency of the inpeller
Thus, for desBZnﬁﬁéagiggpét mul tiblade radial fan, it is inportant to

Pra"ene. | he SerrEuL90FsFhe! epher eer oA mavedstupl ey s o, deve op on

have been given fpr epeopeticdlt Backigdbandf a | ami nar boundary layer in a

| | When air'flows through radially directed interblade
channels of a_rotating impeller, lamihar boundary layers,

10 which separate-easily, develop on the suction surfaces of
the blades of the impeller, and turbulent boundary layers,
which do not separate easily, develop on the pressure
surfaces of thé blades of the impeller. |

The Separations of the laminar boundary layers cause

15 sécondary flows in the radially directed interblade
channels of the impellér. The secondary flows cause noise
and a drop in the efficiency of the 1mpé11er.

Thus, for designing a quiet multiblade radial fan, it
is important to prevent the separations of the laminar

‘20 boundary layers which develop on the suction surfaces of
the blades.

The following formulas @, @ have been given for
expressing the state of a laminar boundary layer in a
static divergent éhannel by Karman and Millikan (Von

25 Karman,T., and Millikan,C.B.,"On the Theory of Laminar
Boundary Léyers Involving Separation", NACA

Rept.No.504,1934).
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static divergent channel by Karman and MIIikan (Von 25 Karman, T., and
Mtlikan,C. B.,"On the Theory of Lam nar Boundary Layers I nvol ving
Separation”, NACA Rept.No.504,1934). @ _-% ferr] * ok ok ok x % [err] [err]
UU =1+F(X-Xe)/ Xe * * [err](1<X/ Xe) In the above fornulas, as shown in

Xe. I ongin of a f1G00FThre"(vi rtdar pari® (P2 MBI oci () outei de bof &
P rxer U ¢ty g O AT RER RN ot G B/ 8o Cer i of Dhe v ght
State of the Lannip Enenaboy8 EGRPATRET, A8 Chnafh P LERRREIT PIE (IR
ieed for dasi gni nga ‘gat Sronee TEPRENF OEF ba IO d (88 LS FOHIRNL

right side of thgaﬁggnula'[err] is expressed as Z, and X-Xe is expressed as
X (x=X-Xe), the nondinensional termZ is obtained as 20 Z:(x/Ui)(dLde)_

** * 0t is fairlyxbartdchgthbbfi & pADatypigeé! yvortexpeparental ly the flow
vedocity U outside of the | am nar
U : flow velocity outside of a laminar boundary layer at
point X
| Ui ; maximum flow velocity at point X
10 = F : F=(Xe/Ui)(dU/dX)

.In the above formulas, the second term of the fight
side of thé forﬁula ® 1is a nondimendional term which
expresses the state of the laminar boundary layer in the
divergent channel. Thus, the second term of the right side

15 of the formula ® can be effectively used for designing a
quiet multiblade radial fan.

If the.segond term of the right side of the formula @

is exﬁressed as Z, and X-Xe is expressed as x (x=X-Xe), the
- nondimensional term Z is obtained as
20 Z=(x/U1)(dU/dx) + « + @

It is fairly hard to obtain analytically or
experimentally the flow velocitf U outside of the laminar
boundary layer at point X and the makimum flow velocity Ui
at point X , Thus, the flow velocity U outside of the

25 laminar boundary layer at point X is replaced with the mean
velocity U at point X,.and the maximum flow velocity Ui at

point X is replaced with the mean velocity U, at the inlet
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boundary | ayer at point X and the maxi numflow velocity U at point X
Thus, the flow velocity U outside of the 25 | am nar boundary | ayer at point
X is replaced with the mean velocity [err{gat point X, and the maxi num fl ow
velocity U at point Xis replaced with the nean velocity Uo at the inlet
- 10 - of the divergent channel. Thus, 'the formula [err] _is rewitten as
Z=(x/ [err]) (dumafx)the divemgeniofhiamiad ondhuser hte Jonmd® €9 thife fornul a
[errd 5 expresses the state of the |am nar boundary layer in a static
di vergent channdl®Wr'idg-R (&S fornmula [err] can not be applied directly to

a | am nar boundary, | ' ating diwvergent channel. Rotation of a
di ver gent channel ?ﬁﬁgg§*ﬁhgh!- 10°graffient in the circunferential

direction between the %tdcﬂﬂi %ﬂ %ﬂl %jede%‘l%etdh%eﬁrt@l%s‘i‘ro .nﬁﬂ,[af a@

of the adjacent bl ade. wever, e circunterential pressure gradien

bef ween the ?JCFé;ﬁfkééHés?‘%é’fsﬁJ\fé k) f0.déh 2 Nl i1 P R U y5 Ulafyite 19f of he
adj acent blade is small 1in an 15 interblade channel of the inpeller of a

nul ti bl ade radi adtdin divegient fehdridlo, bedg\eathe Tordidiengt@ aah midtche
(i stance between the adjacent blades) is large. That is, in the nultibl ade

radi al fan, whergppl i dirtéctdettean lawmimhy egindaryd layerh iirs d arodat iinge
effect of the rotation 20 on the state of the air flowin the interblade
di vergent channdlivergard chamnesl . t he nondi nensional term Z defined
_ - Rotation of a divefgent channel causes pressure
10 grédient in the cifcumferential direction between the
| suctiqn surface of a blade_and the pressure surface of the
ad jacent blade. However, the circumferential pressure
gradient betweén the suction surface of the blade and the
pressure surface of the adjacent blade is small in an
15 interblade channel of the impeller of a multiblade radial
fan, wherein the ratio between chord length and pitch
(distance between.tﬁe adjacent blades) is large. That is,
in the multiblade radial fan, wherein the ratio between
chord_length and pitch is large, the effect of the rotation
20 on the'stéte of the air flow in the interblade divergent
channel is small. Thus, the nondimensional term Z defined
by the formuia @ accurately approximates the state of the
laminar boundary layer in the interblade divergent channel
of a rotating multiblade radial fan and can be effectively
25 used for designing a quiet multiblade radial fan.
| The absolute value of the nondimensional term Z,

defined by the formula @, at the outer end or the outlet
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by the forrmula [err] accurately approxi mates the state of the | am nar
boundary layer in the interblade divergent channel of a rotating nultiblade
radial fan and can be effectively 25 used §pr_designing a quiet nultiblade
radi al fan. The absol ute value of the nondi nensional termZ, defined by the

forfula [err], at the outer end or the outlet -1 1 - of the interblade
di ver gent channelofofthendnhanhladeid ivangant shanhedeofndheauldiblades term

cal | 6 Kar o NAATRaI LR (43 AR AR Aol TROSATS 21 15 SRPFessed by)

([err]/( 2[err] LKk thelf

I r 4188 in Figune 200
I nsi de radi us of fi%‘em‘}]r%el er [ee%ﬁwaq‘o%e[%i c}-‘g‘aer é:}lr}&'\gzdf 'ltsnec% :ir%%e IKgrr %r?n:
nunber of radial Iy, i ' I%$? ot }ﬁgﬁﬁss of the radially
di rected bl ades yﬂgleip{‘agi E\rrsgmfgﬂe ei}&&in}ﬁﬂ%ilqbqaaldfeﬂ i al Fan. Perfornance
tests were cargied -Oule o il age f@ad aly f ans Wgh di fferent val ues of
the termZi. [gl] Tez;'t (crg‘n itl}c:n[?hlS ({Lga I\/ga)s};ri ng aégpar atuses [err]

Measuring apparat us fprefeassspdlh agy, \dd Wiowdl o Miighrang static pressure
The measuring apparatus used for neasuring air volunme flowrate and static

pressure is shown inefi gurinsiddhaeadias 24F iy iwggeldrer npel ler 1, a scroll
type casing 2 for - '
ri : outside radius of the impeller
'n  : number of radially directed blades
10 t : thickness of the radially directed blades
- 2, Performance Test of Multiblade Radial Fan.
Performance tests were carried out on multiblade
 .rad1a1 fans with different values of the term Z,.
" [1] Test conditions
15 (1) Measuring apparatuses
'C) Measurihg apparatus for meﬁsuring air volume flow rate
énd static_préssure |
The measuring apparatus used for measuring air volume
flow rate and static pressure is shown in Figure 3. The fan
20 body had an impeller 1, a scroll type casing 2 for
accommodating the impeller i and a motor 3. A inlet nozzle
was disposed on the suction side of the fan body. A double
chamber.type aif volume flow rate measuring apparatus
(product of Rika Seiki Co. Ltd., Type F-101) wés disposed on
25 _the discharge side of the fan body. The air volume flow
_rate'measur;ng'appératus was provided with an air volﬁme

flow rate control damper and an auxiliary fan for
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accommodating the inpeller 1 and a notor 3. Ainlet nozzle was di sposed on
the suction side of the fan body. A double chanber type air volune flow
rate measuring apparatus (product of RiKg1§kai Co. Ltd., Type F-401) was
di'sposed on 25 the discharge side of the fan body. The air volune flow rate
medsuring apparatus was provided with an air volune flow rate contro

danper and an augontaaylfaa the statigopregsurectti betpetLehiof phrestane

at the outlet of the fap body, The air f]ow discharged fromthe fan body
W Stral ghtenedbBYYa cTRS| BhTCRLSY OFSaNSTESA ofFob bt 48 HPTUT BBF t he
fan body was neasgred g usiagborgfiggs Iﬁgahed I n ?gcordance m@th t he AMCA
standard. The st 3PFEIBPLEDGH DY 8t RErRLENLENERE: BRI an body was neasured

Irouh @ statle pressihe gRsUel iAol PLuCkERRZGE B cARCugt Bbo hetdiiec
The Teas | nGeePataLUBe PLCBROSUEL DR PHToBEESTHEE hEUEI1ha HHENsbindara.

A static pressure'@Hatgﬁhtﬁﬁaﬁpé§sﬁPeaa§iEﬁeaBQt§EﬁPstﬁﬁé|ﬁéﬁt90820§550f
the air volune flow rate measuring apparatus was di sposed on the 1

di scharge side omehBfrtanthpdughThestasideppussase. neashieingahole pdesposed
control chanber was covered with sound absorption material. The static

pressure control neapnbhe vaslptovfdelewrah bodgir volunme flow rate contro
danper for controlling the static pressure at the outlet of the fan
: . (® Measuring apparatus for measuring sound pressure level
10 - The measuring apparatus for measuring sound pressure
level is shown in Figure 4. A inlet nozzle was:diséosed on
the suction side of the fan body. A static pressure -
control chamber of a sizé and shape similar to those of the
air volume fiow rate measuring apparatus was disposed on the
15 discharge side of the fan body. The inside surface of the
| static pressure control chamber was covered with sound
absorption material. The static pressure control chamber
was provided'with an air voluhe flow rate control damper
for.éontrolling the static pressure at the outlet of the fan
20 bpdy; | |
The static pressure at the outlet of the fan body was
measured through a static pressure measuring hole located
| near the outlet of the fan body. The sound pressure level
corresponding to a ceftain level of the static pressure at
25. the outlet of the fan body was measured.

The motor 3 was installed in a soundproof box lined

with sound absorption material. Thus, the noise generated
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20 body. The static pressure at the outlet of the fan body was neasured
t hr ough a static pressure neasuring hole | ocated near the outlet of the fan
body. The sound pressure |level correspondygg_to a certain level of the
statjc pressure at 25 the outlet of the fan body was neasured. The notor 3
was installed in a sound roof box lined with sound absorption material.
Thus, the noi se Jerdiat 3 pas /enfid et or 3 was confined. The

measur enent of the soypd pressure | evel WQH% arried out in A echoi c
room A-wei ghted sound ‘Pt S4SRRFH §URA Wk‘ﬁpﬁesf"}f(ﬂ e

(3) Tested tmpel rﬁgi@@eééfoﬂ&”aﬁq ]%qfef © FeRE Mo A Sl pry e
::Irrgglr Ile g(\eft/)er 2”‘1110 nmm 1‘()a dé)égdfmﬂ respect ver} rBjnrt{lﬁt hi crﬁfger‘slg 06? (# S ed

circular base ;Ee?IOU;rt&?d U dyd %&'ﬁ&@%@éaé&%ﬁ%ﬂ&ﬂ?&éﬁ{é was

2mm Inpellers MAt different 1nside aneters were nade. D fferent

i mpel l ers had a jf@@gﬁ@druﬁﬁgqléﬁs[emggﬁéd'cggfﬁgexifIaI pl ate bl ades

dissposed at equal 15 circunferential distances fromeach other. A total of
21 kinds of inpef) eTestledeimpebliersind tested. The particulars and-the

Karman-M | li kan's first nondi nensi onal nunbers [err] of the tested
inmpellers 1 are shown A3 Skbwe in Bigufesbes) and 5(b), the outside
diameter and the height of all tested impellers were 100mm
10 and 24mm respectively. The thickness of the circular base
plate and the annular top plate of all tested impellers was
2mm. Impellers with four different inside diameters were
made. Different impellers had a different number of
radialiy'directed flat plate blades disposed at equall
15 cifcumferential distances from each other. A total of 21
kinds of impellers 1 were made and tested. The particulars
and the_Karmén—Millikan's first nondimensional numbers Z;, of
the tested impellers 1 are shown in Table 1, and Figures
5(a) and 5(b)
| 20 @ Tested casing
As_shown in Figure 3, the height of the scroll type
éasing 2 was é?mm. The divergence configuration of the
scroll type casing 2 was a logarithmic spiral .defined by the
following formula. The divergence angle 9 . was 4.50° .
25 r =rzlexp (9 tang . ) ]
In the above formula,

r : 'fadius of the side wall of the casing measured from
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5(a) and 5(b). 20 [err] Tested casing As shown in Figure 3, the height of
the scroll type casing 2 was 27nm The di vergence configuration of the
scroll type casing 2 was a |logarithmc spiygl_defined by the follow ng
fofmyla. The divergence angle [err] was 4.500 25 r = [err](exp ( [err]

tan [err] )] In.the above fornula, r . radius of the side wall of the
cagi ng measured foh@mcenter,ofi the . dmpellsyr the inpeller 1 r2: outside

di f the i || 1. [e I d f b line, O
edls o the | meLler bl ol PR SRRIRI0%0s b T 0 (1
Fi 6. Revpl ut i.Qr he. | I 1 [ d of
e S LT PR B PSRl TS 8L e zspeed

ext ent consideringcf;xtrjn%ige %%%Sa%%QQ as background noise in 10 the
anechoi ¢ room condi t% oh o# the neasuri-ng apparatus, etc. The revolution

speeds of thegiirrpeller Thed Welst@ dTRATYMBTONY 559 oHAOWA 'F'iﬁ?ii\é!e.l- (2]
Measur enment , ta Processing (1) Measurenent 15 The air volune flow

rate of the air @ s Reaod et ifonompleed @ thedyimpelaedpt ati c pressure at the
outl et of the fan body, and the sound pressure | evel were neasured for each
" The revolution speed of the impeller 1 was generally
fixed at 6000 rpm but was varied to a certain extent
considering extrinsic factors such as background noise in
10 the anechoic room, condition of the measuring apparatus,
ete. The revqlution speeds of the impeller 1 during
measurement are shown in Table 1.
[2] Measurement, Data Processing
(1) Measurement
15 The air volume flow rate of the air discharged from
'the fan body;:the static pressure at the outlet of the fan
body, and the sound pressure level were measured for eaqh
of the 21 kinds of the impellers 1 shown in Table 1 when
. rotated at the revolution speed shown in Table 1, while the
20 air volume flow rate of the air discharged from the fan body
~was varied using the air volume flow rate control dampers.
(2) Data'Précessing
| From the measured value of the air volume flow rate of
. the air discharged from the fan bbdy, the static pressure
25.'at the outlet of'the fan body, and the sound pressure
level, a Specific sound level K; defined by the following

formula was obtained.
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of the 21 kinds of the inpellers 1 shown in Table 1 when rotated at the
revol ution speed shown in Table 1, while the 20 air volune flow rate of
the air discharged fromthe fan body was_vatied using the air volunme flow
rate control danmpers. (2) Data Processing Fromthe neasured val ue of the
air*volune flowrate of the air discharged fromthe fan body, the static
pressure 25 at the %utFe§P§KAOHé°ﬂ&ﬁ1EQgFF)§nd the sound pressure level, a
specific sound |evel K% defined'$§ th? followi ng formul a was obt ai ned.

15 - [err] = [err] BB HE 2BOVE £OFRYLE, SPL(A) : A-weighted sound pressure

body. [err Pr - ¢ othEt A echuls iR ds s BP R R B b8BTy UBng 3" Test
Resul ts Based on the regyl yﬁl‘afmet ?ﬁo?%%%e%‘%“;tﬁe 219°B&§bﬂkk~gedb%§ﬁeﬂh%he
an 0 tai ned for

specific sound | evel Ks the air vol ume ow rate was o
each tested igpelragf pbhdylh@sgarrel ation between the specific sound |evel
[err]- and the air volune flowrate Q was obtai ned on the assunption that

a.correl ati on whereipy t haotedCiphiessupendt ehel ondlek bf kaer Fanhesdyhemaing
volsune flowrate Qis [err] ‘15 exists between the specific sound | eve

[err] and the air3vyolTest Remultate Q when the air volunme flow rate Q and
the ' Based on the results of the measurements, a
correlation between the speéific sound level Kg and the air
10 .volume flpw rate was obtained for each tested impeller 1.
The cobreiation between the specific sound level K,
and the air'vdlume floﬁ rate Q was obtained on the
assumption that a.correlation wherein the specific sound
level Ks'is Ks1 when the air volume flow rate Q is Q
15 éxists betweeﬁ the specific sound level K3 and the air
volume flow rate Q when the air volume flow rate Q and the
static pressure p at the outlet of the fan body obtained by
the air voluﬁe flow rate and static pressure measurement
- are Qi ahd py respectively, whiie the specific sound level K
20 s and the static pressure p at the outlet of the fan body
Obtained by the sound pfessure level measurement are Kgi and
P respectiveiy . The above assumption is thought to be
'reasonabie as.the size and the shape of the air volume flow
rate measuring apparatus used in the air volume flow rate
25 and static pressure measurement are Substantially the same

as those of'the static pressure controlling box used in the

sound pressure level measurement.
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static pressure p at the outlet of the fan body obtained by the air vol une
flew rate and static pressure neasurenent are [err] and [err] respectively,
whil e the specific sound | evel K 20 [err] @gd_the static pressure p at the
outl et of the fan body obtained by the sound pressure | evel neasurenent are
Ks,”1 and [err] respectively The above assunption is thou%ht to be
reasonabl e as the size I3y Megsuemnen toshoyedyithafothee spegifis: sonpdsdeved K

apparatus used in the air volyne flow rate 25 and static pressyre
Toasurement are Suitd SRAMINGTEe LIRRI AT (1hJeT 160 HhENs VAT A toBs 4t She alr

reasurement. shows A 1o SRR« PR HRb nelidn RTC Y BRBR1fag 2plh T
' |l 1 ' | L.h i.af i ' ' I I . ;
var raton of ¢ he el G o et ol anilietPRar, 8, R oasill 25 s,

casing 2. Thug; §4¢ tca?ﬁ%&%@ﬁi&@%ﬁé@%&é‘%i’ﬁ&’&iu%'ﬂa‘iﬁ:

| U fepteh 55,0 C
?’fot’ Spekd
sound level [é€rr] or the mninmum specific soun eve éﬂr rébregén?gufhe

noi se characteri gdindf1dvia t a5 &fh itHeIn 9 mhinl (spRIC1 i1 & dum@mileh@1ef figet, |
of sthe casing 2. The mni.num specific sound |evel's [err] of the tested 1l

inpel lers 1 are vupmesentialiie hoidordhiraidtee st thiee tdsticdMmpeller
specific sound levels [err] and the Karman- MIlikan's first nondi nensi onal
nunbers [err] of it hgseddt dreenfaiderthel efffecthadh the feaguimg 2. Figure 7
al so shows correl ation di agrans between the m ni num specific sound 15 | evel
[err] and the Karnman- MTHe keimigmum rspeaidiid reowidoriglvels K;sni. Of the tested
10 impellers 1 are shown in Table 1. Correlations between the
minimum specific sound levels Ksgn:. and the Karman-
Millikan's first nondimensional numbers Z, of the tested
impellers 1 are shown in Figure 7. Figure 7 also shows
correlation diagrams between the minimum specific Sound
15 level Ksun;. and the Karman-Millikan's first nondimensional
'number Z, of eéch group of the impellers 1 having the Same
diameter ratio. | |
. As is clear from Figure 7, for the same diameter ratio
of the impeller 1, the minimum specific sound level Kz,
20 decreased as the Karman-Millikan's first nondimensional
~number Z; increased. It is also clear from the correlation
diagrams shown in Figure 7 that in the groups of the
impellefs 1_with diameter ratios of 0.75, 0.58 and 0.4, the
. minimum specific sound level K;,:, Stayed at a constant
26 minimum value when the Karman-Millikan's first

nondimensional number Z; became larger than a certain

threshold value. The reason why the minimum specific sound
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nunber [err] of each group of the inpellers 1 having the same dianeter
ratio. As is clear fromFigure 7, for the sane dianeter ratio of the

i mpeller 1, the m ni num specific sound nggy Lerr] 20 decreased as the
Katman-M | li kan's first nondi nensional nunber [err] increased. It is also
cléar fromthe correlation diagrams shown in Figure 7 that .in the groups of

the inpellers 1 iaveldifameteStafts & & cpnafand gd nigym value, #hen,;

specific sound |l evel [err]. stayed at a _constant 25 m i num val ye en t he
hdgcomes

Kar man-M | 1 i kan' Kanman- kAN S 3&&18%&%& Tep “!“g‘_rbﬁé'r 1

;e{fes'e[' fgﬁ 7T ot ASRAR hash 4 SRR R WAL HE nprEituta e, pht
. ! . _ : d
7o o S 3P T S0 g

val ue is thought I NCT ease in er of t S causes

the 5 interbl eﬁf\féﬂﬁl %ﬁmi% &l etlgqr&,?érsum{m g the

separations o?)dt he Tam na.z?ré E)boun ary {Ezg/eres% In f[?r[]oer' i nt er bl ade phanngrs: An
anal ysi s using dififgpresd g & Hefaribsi G [dfedHaltl sl ridite biun ddrgv liadydrize
i nter bl ade channel "of an inpeller with a diameter ratio of 0.58. 10 From

the analysis, it waschonintersdd@tcimmeyiayati dm doed yxils asdng idififferential
| am nar boundary | ayer at the neasuring point on the horizontal part of the
correl ation di agreabdul s giase camhissd oilt ion el A r VHidwe im ddyeariattienblade
occurs in the lam nar boundary | ayer at the neasuring point on the
channel of an_impeller 1 with a diameter ratio of 0.58.
10 From the énalysis, it was confirmed that a separation does
| not occur in the lamihar.boundary layer at the measuring
'point on the horizontal part of the correlation diagram in
Figure 7 where Z, is 0.5192, while a separation occurs in
the laminar boundary layer at the measuring point on the
15 1inclined part of the correlation diagram in Figure 7 where
7, 1is 0.4813. | |
As to the group of the impellers 1 with diameter
ratios of 0.90, the threshold value of Z; is not clear
because the number of the measured points was small. In
20 Figure 7, the correlation diagram of the group of the
impellers 1 with diameter ratios of 0.90 is assigned a
threshold value of Z; estimated from the threshold values of
- Z1 of the correlation diagrams of other groups of the
impellers 1. |
25 Correlations between the diameter ratio y of the

impeller 1 and the threshold value of the Karman-Millikan's

first nondimensional number Z; were obtained from the
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15 inclined part of the correlation diagramin Figure 7 where Z1 is
0.4813. As to the group of the inpellers 1 with dianeter ratios of 0.90,
the threshold value of Z1 is not clear becpgise the nunber of the neasured
point;s was small. In 20 Figure 7, the correlation di agram of the group of

the inmpellers 1 with dianeter, ratios Qf 0.90 i.s assigned a threshold | ue
DL oot mat SeTmAdAGIA AR, Beiriaed phe Biningn Bpedidifostund,

e o oo PO o Wk T it Lnpean o ST, BBt
K ‘ ; , . : ; 7 .
16 correl a ?SRA%{"‘&&?;&S"?& 3, g Ka@n&hles JalELetd ] B, i detEr

K ) . : A . : .
of the i mpel &er s "8 Shth O Sttt T SR IR0 o T Bprafyay 1pnel A oIshtRn
correl ations a e jNQWpurd IB.F Sk &1 durdng, UWe B nalsh @bt aWne doht ai ned a

correlation diragram Li™ between the dianeter ratio[err] of the inpeller 1

and the threshol ¢oralelenfi gmel isyrman -1V Ibdtwers the i ametdrmratiional ofurher
[err]. The correlation diagramLi is defined by the follow ng formula

[err]. 10 [ er riimfedrker 1 and tihe ttereshold fvalue. @f [tder Karmas-Milldkan' s
ylerrl first nondimensional number 2Z,. .The correlation diagram L,
is defined by the following formula ® .
10 »=-0.857Z1+1.009 + - - ®
In the above formula,
v = ro/
Zi=(ri-ro)/[ri-nt/(2x )]
The COrrelatibn diagram L., can be applied to impellers
15 1 with diameter ratioy ranging from 0.40 to 0.75. As is
clear from Figure 8, the correlation diagram L, is straight.
" Therefore, there should be practically no problem in
applying the correlatibn diagram L1 to impellers with
" diameter ratio p ranging from 0.30 to 0.90.
20 - As shown'ip Figure 8, the hatched area to the right of
.the correlatidn diagram L. is the quiet region wherein the
minimum spécific sound level Kg,,, of an impeller 1_of
diameter ratio p stays at a constant minimum value. Thus,
the quietnéss of a multiblade radial fan can be optimized
25 sSystematically, without resorting to trial and error, by

determining the specifications of the impeller of diameter

ratio » so that the Karman-Millikan's first
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The correlation diagram L1l can be applied to inpellers 15 1 with dianeter
ratio[err] ranging fromO0.40 to 0.75. As is clear fromFigure 8, the
correlation diagram Ll is straight. Therefpge, there should be practically
no” pr.oblemin applying the correlation dlagran1L1 to |npellers mnth
didneter ratio [err] ranglng fromO0.30 to O.

Figure 8, the hati®hddngnsdong tW@mpﬁﬁhg‘ofaﬂﬁé é@rﬁ@ﬁab?&ﬁhﬁpagﬁéﬁpﬂl1Ps
th i et [ [ th f | f
el Ter 1 of o e B 05 Babintles Eie riaiating Sesifeh ol cPuiias

t he qui et ness Of¢ﬁ mul ti bl ade radial fan can be optim zed 25
systematical ly, t'hout resorting to trial and error, by determning the

specifications of the_il f meter shatio p so that the
. s P, 4. ot

Karman-M | I'i kan's f di menstonal nunber [err] falls in the

hatched regi o i n e $Hrmif1aes t he correlatlon defined by formul a
[err] [err] @% ﬁ?ﬂ%ﬁﬁ% ébove fo#ﬁi a, [err] = [err] [err]

[err] ([err])/[err] M i Argrr] )] ro: inside radius of the inpeller ri
outsi de radi us of %e i mpeller 10 n : nunber of the radially directed

bl ades t : thicknegs =qfr -t y/Add,anty (@ £t ed bl ades Figure 8 al so shows
the correlation between the dianeter ratio[err] of an inpeller 1 with a
dianeter ratio of re : inside radius of the impeller
ri : outside radius of the impeller
10 n : number of the radially directed blades
t :  thickness of the radially diredted blades
| Figure 8 also shows the cofrelation between the
diameter ratioy of an impeller 1 with a diameter ratio of
0.90 and.the-threshold value of the Karman-Millikan's first
18 nondiﬁensional nuﬁber_zn which is obtained from the
correlation diagram shown in Figure 7. As is clear from
Figure 8, the correlat1on between the diameter ratio p of
the impeller 1 with a diameter ratio of 0.90 and the
threshold value of the Karman-Millikan's first
20 'nondimensional number Z} falls on the correlation diagram
L.
As.will.be understood from the above description, the
.quietness of a multiblade radial fan whose diameter ratio is
in the range of from 0.30 to O. 90 can be optimized based on
25 the formula @) However, as shown in Figure 7, the

minimum value of the minimum specific sound level Kg,;,. of

an impeller with a diameter ratio p of 0.90 is about 43dB.
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0.90 and the threshold value of the Karman-M I likan's first 15
nondi nensi onal nunber [err] which is obtained fromthe correl ati on di agram
shown in Figure 7. As is clear fromFigure,g, the correlation between the
didmefer ratio [err] of the inpeller 1 with a diameter ratio of 0.90 and
the“threshol d val ue of the Karman-M I likan's first 20 nondi nensi onal

nurber Z1 falls onf® HEEReR r‘@%ﬁﬁorﬁ"ﬁﬂdﬂ?%f{%r‘ff‘]th A diigmetar naddiost ond of
il oot or racio | D190 HANTONRE A4S GHEY 0L b D) SRR bOTo R EriOARP IR
val e of 't hfeoﬁqmﬁ!#aﬁui %}c%?qc“’s%vrﬁrqﬁ?é{'fgw‘r"ﬁéfgq "o gt eliad Paghd PaBiLy
(et l o with a Bt P&*‘%g Y e, vagads Geddhdl W AR My )
dahnoi ensi Iy be i {#ECs "S'mﬂ%%”pn?n*yefrﬁ‘%‘% ‘ﬁﬁ“ﬁ?‘if’r Pt Y dnfty b
i nsi de radi us. Itrémﬁr@rg{v) i OPrérd Gy {th aPitnetdie i a ,,[eirq]théo

i mpel |l ers with diameter r- [err] in the range of fromO0.40 to

Thus, a nultibl adeangeli ¢ fmmtmauo agdi ®VEs. othusynanthigiffliaieniadial fan
qui et ness under a given condition and is easy to fabricate can be designed

10 systematical | ythat taehieves ooptimun and isif fiel ent oyyidtnessplwidey tae
formula [err] to an inpeller whose dianmeter ratio [err] falls in the range
of fron10 40 to (BBeen condition and is easy to fabricate can be designed
10 systematically, without resorting to trial and error, by
applying the'formula @ to an impeller whose diameter ratio
y falls in the range of from 0.40 to 0.80.
_ As is clear from the formula &, the Karman-
Millikan's first nondimensional number Z: includes the term
15 “n" (number_of the radially directed blades) and the term
ugH (thickness of the radially directed blade) in the form
of the product “nt". Thus, the term “n" and the term “t"
cannot iﬁdepéndently contribute to the optimization of the
.quietness 6f the multiblade radial fan. Thus, in
: 20 accordance with the first aspect of the invention, the
‘quietness of a multiblade radial fan wherein n=100, t=0.5mm
- should be equal to that of a multiblade radial fan wherein
n=250,.t=0.2mm because the products "nt" are equal, making
the Karman-Millikan's first nondimensional number Z, of the
25 former fan equal to that of the latter. In fact, however,

there is some difference in the quietness between the two

because of the difference in the shape of the interblade
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As is clear fromthe fornmula , the Karman- MIlikan's first
norkdi mensi onal nunber Z1 includes the term 15 "n" (nunber of the radially
directed bl ades) and the term"t" (thicknegs of the radially directed
bl ade) in the formof the product "nt". us, the term"n" and the term
"t"" cannot i ndependent| contrlbute to the o m zation_of the quietness of
the mul tibl ade r£diaing eﬂ‘ﬂﬁen i ezﬁ%cor"ﬁ’@rﬂ?é‘%euh%%iﬁ&“%p &dt aof
t he i.nvention, the U|etness It| r adi al erei n 100,
t=0. 5mm shoul d bl de mafiak Larms ql’g@ad)é”erfa?d‘ ahiy he wpslabzecis,

{i st nond meni GHER yﬁ;ﬂét Yaith ol & SR c“%f% &3\? TR Svhe”

| In f f

the twh because 04““1 dtpm e e %&ﬂ!ﬁ% F Yitg i, T ad; o2
channel s bet wee %ﬁf\%&e}. sTflefxf‘é@ ncfi"k?e 4 Siynftferd W'dﬁi@rﬁ%ﬁiﬁﬂlz@s

fan shoul d prefer opt|n1ze I n accordance wth the first aspect of

the invention by: t}(el) W e8I e e i R Uaid iRl Ifedf itthaddvrdéarown-
5 MIlikan's first nondlnen3|onal nunber [err] which optim zes the

qui et ness of the with itheadtormrliaal @an drmd accordance with the formila
[err] , and (2) selecting the best conbination of "n" and "t" fromthe
plurality of conbi2intsekecting tharhest té¢ombiinat isorhicf €' nt"hamD "tasifgon dthee
[err] based on a sound pressure | evel neasurenent.
plurality of combinations of *n" and *t" which achieve the
10 design value Zi, based on a sound pressure level
measurement. _ |
{ 2 ) Second Aspect of the Invention
1. Theoretical background
| As explained above, the first aspect of the invention
15 has a Shortcdming in that the term “n" and the term “t"
cannot independently contribute to the optimization of the
qQuietness of a multiblade radial fan.
This problem can be overcome by optimizing the
'quietness qf-the multiblade radial fan based on a
20 nondimensional_nﬁmber which includes the terms “n" and “t"
'independentlyl
For this end, the formula_GD is rewritten by replacing
the constant values -0.857 and 1;009 with "a" and "b"
respectively and then converting it to
25 ro/riza(ri- re)/[ ri-nt/(27)1+b. + + @

A formula @ is derived from the formula @®.

'27;r-_1-nt s —a(.27zr‘1) [(1-ro/r1)/(b-ro/ry)] N )
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( 2 ) Second Aspect of the Invention 1 Theoretical background As expl ai ned
above, the first aspect of the invention 15 has a shortcomng in that the
term"n" and the term"t" cannot independepyly contribute to the

optim zation of the qui etness of a nultibl4de radial fan. This probl em can
be*overconme by optim zing the quietness of the nultiblade radial fan based
on,a 20 nondi nmensi onalA formadaniddclisi delrddred firomt Shes fonnudad @t
|ndependently For this end, the formula [err] is rewitten by replacing
the constant val uds20rggnlatd <. oed wix k1al(Angersy )/éépéet’r‘wéllinarrd * e

Formia [err] .tgf ﬁgrfls@é]% G éjf’b&‘ﬁtrflrnl'i -t %rél{rt)"' fph . Jetkosiyel g, phe”
A I\ t

~a( [err] [err] .O.”m [aerfd? ?‘ﬁe e“ﬁﬁtr Om dtt% O‘é’% Ssrﬁrellpg%{'ggﬁgg of
the formila hnadinr eite Ry .Pr Rdih g%%r?hrgk @Q eBtCh! 248 ?nveﬂtgon

di vergent cha t he |rst aspect’ ven I'on. irndicateés t

the qui etness of 1 TWaleddl %«t%&-r g.'eal quii@R nieS SO a' a%(it\tfeqadteheaalﬂahe?an is
breadth [err]of the I nt er bl ade divergent channel satisfies the fornula .

When the left sigptimig@dluned the Uu&hbtsb@%ahﬁhthqx¥9 o?OtﬂB|4nterbladbhe
nunber [err] of the radially directed bl ades
divergent channel satisfies the formula @.
- When the left side is equal to the right side in the
10 formula @@, the number n, of the radially directed blades
and the outlet breadth A ¢ . of the interblade divergent
channel aﬁefexpressed as follows.
" n, = (2z m/t)[1+a(1-ro/r1)/(b-ro/ri)]
Af.:.=(Rzri/n, )-t '
15 - ==al[(1-ro/r1)/(b-ro/ry )]t/ [1+a(1-ro/ry)/(b-ro/ri)]

=_at/[(b—]"°/r‘1 )/(1—1"0/1"1 )+a]

As can be seen from Table 1, the measurements for
deriviﬁg the first aspect of the invention were carried out
mainly on impellers whose blades are 0.5mm thick. Thus,

20 when the thickness "t" of the radially directed blades is
| o™ ( toio.Smm), ﬁhe quietness of the multiblade radial
fan is optimized provided the'outlet breadthA ¢ of the
interblade divergent channel satisfies
AL =(“.'27z r',/_n)-to SA 8. =—ato/[(b-ro/r:1)/(1-ro/r;)+aj
25 “That is, ”
(27 1/n)-tos -ate/[(b-ro/r1)/(1-ro/ri)+al+ + - @

In the above formula, te=0.5mm.
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and the outlet breadth J[err] of the interbl ade divergent channel are
expressed as follows. [err]= (2[err])[1+a(l-[err])/(b-[err])] [err] =
[err] )-t 15 =-a[(1-[err])/(b-[ggr])]t/ [1+a(l-[err])/(b-{err])]
=-at/[(b-[err])/(1-[err])+a] As can be seen from Table 1, the measurenents
for” deriving the first a ect of the invention were carrled out mainly on

i mpel | ers whose blades GnﬁmﬁqI¥Qﬂ%n8Tﬁ§§um®Gi°%héﬁ ﬁﬁ&rpﬁpéﬁﬁessevﬁn of
the radially dir i et ne

rrultlg: age (rjadl At hi:lg'?'@pﬁﬁ%%&fsﬁr Haod the 6‘&Flléﬁé{rgga‘ﬁﬁtﬁésPﬁaSPst s
= 2 -

Lt erbtade, Chvergept AR SRS Stk U8t bbighs, gr one

-Lerr]/[(b- [e”])ll{u(l[‘celrbrl]a/d[eerrra]dziﬁal] fan 4 %‘ga&%*ﬂﬁg%df M3, oh%lgt‘r’Weadth A

23 - Now, the followng assunption’is it uce even thoug

thickness "t" gf jhe geadipal IppdlirbaGied & nitS crl‘x‘&tnn"eclU%'s rsﬁra[l‘i'ie'i'-] than the

[ err]=0. 5nn) the quietness of the nultiblade radial fan is optim ze

the outlet breadighrdsholl®enadluediAt g ioft & e 1ty sreaathchangel ofs the
smal | er than the threshold val ue [err] of the outlet breadth [err] of the

i nt er bl ade di ver gartferdiadec|d Wergenthehanminedere 'thef thieknadisality of the
directed bl ades is equal to "to" ( [err]=0.5m). Under the above
assunption, the cwddialilgh dicrected blades is equal to “to" ( to=0.5mm).
Under the above assumption, the ¢Ondition for
10 optimizing the quietness of the multiblade radiai fan is
( 27[P1/lfl);t s -ato/[(b-ro/ri1)/(1-ro/ri)+al + « « @
In the above formula, to=0.5mm.
A formula @@ is derived from the formula @.
(b-ro/r1)/(1-re/riv) =-a {to/[(2zr1/n)-t}+1} . . . B
15 Héreinafter,'the right side of the formula @ is
called Karman-Millikan's second nondimensional number Z:.
The Karman-Millikan's second nondimensional number Z»
includes the number “n" and the thickness  “t" of the
radially directed blades independently. 'Thﬁs, the Karman-
20 Millikan's second nondimensional number Z. does not include
the problem of the'Karman-Millikan's first nondimensional
‘number Z . |
The formula @@ is expressed as follows by using the
Karman-Millikan's second nondimensional number Z.
25 (b—r‘q/l"1)/(1"-r‘o/r'1)$Z2 e v o B
In the above formula,

Z2= -a {to/[(27 P /n)-t]1+1}
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10 optim zing the quietness of the nultiblade radial fan is ( [err]
[err])-t < -ato/[(b-[err])/(1-[err])+a] . . . In the above forml a,
[err]=0.5mm A fornula [err] is derived.jréqnjhe formula @
(b=[err])/(1-[err]) < -a {[err]/[(2 [err])-t]+1) . . . 15

Her'einafter, the right side of the formula .[err] is called

Karman-M | | i kan' s se88n@-88fdi nensi onal number Z2. The Karman-M1likan's
second nondi nmensi onal number Z2 includes the nunmber "n" and the thickness
"t" of the radially BFteBP&d bl ades i ndependent|y. Thus, the Karman- 20

M1 Ilikan's second nopdi nensi onal nber Z2 dges. not include, the probl em of
the. Karman- 1 11 kan Bofi BERCARAG: REAGKBRSP ABBnF adlShivTalngeReqopPaass
expressed as follows byouthg the Karman-M I 1ikan's second nondi nensi onal
nunber Z2. 25 [errT722™ * In the above formula, Z2= -a [err] [err]

- 24 - a:-0.8§7 b=1 P?g?}fgigﬁg?ghghg BPiggge?ﬁggilgpe radially directed

bl ades =0.5mm™5 e radirus Inmpeller [err]: outside
radius of the inpell @l .NoytRyaRera@iusherr ddeainyedippct ed bl ades t

thkckness of the radially directed bl ades
n : number of the radially directed blades
.t : thickness of the radiaily directed blades
Thus, if tests show that the quietness of a multiblade

10 radial fan is optimized when the Karman-Millikan's second
nondimensidnal number Z: satisfies the formula @, a second
aspect of the invention is established wherein the
specifications of a multiblade radial fan are determined
based on the formula ® . " The second aspect of the

15 invention is more generélized than the first aspect of the
invention wherein the specifications of a multiblade radial
fan are determined based on the formula @.
2 . Performance Test of Multiblade Radial Fan.

Performance fests were carried out on multiblade
20 radial fans with different values of the term Zz in the
| Same way as described earlier in connection with the first

aspect of the invention. The particulars, Karman-Millikan's
first_nondimensionals number Z:, Karman-Millikan's second
nondimensionél numbers Z,, the minimum specific sound

25' levels KSm.;, and the rotation speeds of the tested

impellers are listed in Table 2. The measured correlations

between'the minimum specific sound levels Kgsn;., and the



" <
Thus, if tests show that the quietness of a nultiblade 10 radial fan is
optimzed when the Karman-M I | i kan's second nondi nensi onal nunber Z2
satisfies the formula [err] a second aspgct_ of the invention is
est abl i shed wherein the specifications of a nultiblade radial fan are

det er mi ned based_on the fornul a he s cond as ect of the
invention is nnr%aﬁ%%%r%}1%eﬁa¥h%ns?%%n i PR %&?ﬁ§&° 1immbers, %cﬁf the

wh h I d d based
on the formil & [EFPFeS BRP Siﬁﬁiﬁr%éé*eg‘%f {81k Flptl 2 Fbsigaetobese
Gi11oront val uosd HECER PREEE the %”%‘%%b%éé’@%@%e%@ﬁ% AR Fa

connection with ﬁﬁ?iﬁéfﬁénangPikQﬁ §h§eé ”ﬁb @im%ﬁflﬁﬁﬁi'ﬁkw?Ei Z> was

Karman-M | |'i kan' s rst nondi nensi onal s nu er |err ar man- an's
second nondi NENSyHERL nBEMPEF Seh &R krhi arnmymﬁmmﬂxsa\@ds@rﬁe d B¥fé Ser
[err] and the rotation speeds .of the tested inpellers are listed in Table
2. The neasured satiel at Thescberebgnibhed iagrams specalss siwowd 19Vl gure

[err] and the 25 - Karman-M | likan's second nondi nensi onal nunbers Z2 of
the tested inpell®ts are shown in Figure 9. A correlation di agram between
the m ni num specific sound level [err] and the Karman-M | | i kan's second

nondi nensi onal nunber &2 mascSeanbfaoneBis@reeaehfgrou@eosamepempelbemnth
the sane dianeter ratio. The correlation diagrans are also shown in Figure
9. diameter ratio, the minimum Specific sound level Kgsnia.

10 decreases as the Karman-Millikan's second nondimensional
number Z. inereases. As is clear from the correlation
diagrams in Figure 9, in the impellers 1 with diameter
ratios of 0.75,.0.58 and 0.4, the minimum specific sound
.levels Kesmin staﬁ at constant minimum values when the

15 Karman-Millikan's second nondimensional numbers Z. exceed
certain threshold values. Though the-threshold value of the
impeller 1 with a diameter ratio of 0.90 is not'clear owing
to the small number of measured points,.e correlation
diagram of the imbeller 1 with a diameter ratio of 0.90

20 having a threshold value estimated from those of the other
correlation diagrams is also shown in.Figure 9.

The formula @ is shown in Figure 10. The hatched
area on the right of the correlation diagram L. is the
assumed quiet region.

25 ~ Correlations between the nondimensional numbers (b-
ro/ri)/(1-ro/r:) derived from the specifications of the

impellers and the threshold values of the Karman-Millikan's



As is clear fromFigure 9, for the same inpeller dianeter ratio, the

m ni mum specific sound level [err] 10 decreases as the Karman-M I likan's
second nondi mensi onal nunber Z2 increases.,As is clear fromthe correlation
diagrams in Figure 9, in the inpellers 1 with dianmeter ratios of 0.75, 0.58
and- 0.4, the m ninmum specific sound | evels [err] stay at constant m nimum
val ues when the BB Imensdonals dagheNfodai wers obdaingdpdiremzthe
exceed certain threshqld val ues. Though the threshold val ue of the_ inpeller

1 with a di amet ecqrtqlatdon W@eransor shasdy infdgurs One betdeenniiber of
a0 of b.90 20 THUITHE #RARIGo R deVEds mived o PO heoKRsmEPTe ot her
o Frgare 1o Thenraiul SRR e diiiitisighat B2, o e RrRIRY of
noridi mena; onal® nuiser ST rs” i th, disndterl rlL QRS ATONST 0508 apd, 0t

i npel | ers and t hepgdredih e ard stmaman-didd ilan’ As is cd%ar from

second nondi nensi onal nunbers Z2 were obtained fromthe correlation

di agrams, shown ipy dur@ire O, tHetesgstr it g8 Ny WhtEIEd icore@lad ilotiseibetueen
[err] and the Karman- M| li kan's second nondi nensi onal nunbers Z2 of the

groups of 5 the figaldmiimersivont Aminbersat(ee ofri0./18-10./28 Janerdved Thon
correlations are shown in Figure 10. As is clear from
the specifications of the impellers and the threshold
10 values of the Karman-Millikan's second nondimensional
numbers Z. fall on the correlation diagram L. A
-correlation-between'the nondimensional number (b-roe/r:)/(1-
ro/r:) and the threshold value of the Karman-Millikan's
second nondimensional number Z., of the impeller with a
15 .diameter ratio of 0.90 was obtained from the correlation
| diagram shown in Figure 9. This is also shown in Figure 10.
- As 1is CIeér from Figure 10, the correlation betwéen the
'nondimensiohal number (b-ro/r:)/(1-ro/r:) and the threshold
value of the Karmén—Millikan's second nondimensional number
© 20 22 of the impe}ler with a diameter ratio of 0.90 also falls
on the correlation diagram L..
| Thus,_if was experimentally confirmed that the
quietness of a multiblade radial_fan is optimized when the
Karman-Millikan'sisecond nondimensional number Z: satisfies
25 the formula @.
. Thus, the quietness of a multiblade radial fan with a

'given ;mpeller'diameter ratio, can be optimized



Fi gure 10, t he experinmental |y obtained correl ati ons between the

nondi mensi onal nunbers [err] derived fromthe specifications of the

impel lers and the threshold 10 values of ,tthe Karman-M I 1likan's second
nondi mensi onal nunbers Z2 fall on the correlation diagramL2. A correlation
between the nondi nensi onal nunber [err] [err] and the threshold val ue of
the Karman-M || i gxatemssioadliendihavtonasontimer tgotnial hend nperery Wtih
a 15 dianeter ratio of 0.90 was obtained fromthe correl ation di agram shown

in Figure 9. Thi 4efermiaéngnshp sReeifirationsof the| tapellem #pghhatbhe
h | at i i i onal _nymb d the,th |

tvaFu:élc’Iﬁ " ﬁé;&Qr RaruRA ML A RERLsC SRaOREnaPRERERBRLPhALBERb8E 25 BRE{R et

i i t ' tiQ of 0,90.al5q.fakl i

i ogram forr] Tniee FrERaER EBetbnarRaFRetfs, ibi nef "shEESF RS CER: pess of a

mul ti bl ade ragiaéﬂ%ggl§giggthgk§ﬁgd2@9?ﬁépﬁuf§r n-Mllikan's second

nondi nensi onal” n satrsfies ornmu . Thus, the quietness of

a mul tibl ade radial fappy %Brﬁsﬁghv%@t cHRCbbChpd 2B 86 IdbePiefdnuben

optim zed -27- systenatica out resorting to tr and error, by.

determ ning the gRametesabh@ldsOfint Rfiel PRARLEBrSOrbRab.4beto 0.90. As shown
Karman-M | | i kan' s second nondi nensi.onal nunber Z2 falls in the hatched

region in FigureihOFigureai,sHokevebs Bhecatnehani oaldef bnedhbymintmuha
terrl specific sound level Ksn;o Of the impeller with a diameter

10. ratio of 0.90 is about 43dB. In other words, an impeller
Wwith a diaﬁeter ratio of 0.90 cannot be made sufficiently

-quiet. It is therefore appropriate to apply the formula @
to impellefs with diameter ratios in the range of from 0.40
to 0.80.

15' | Thus, a multiblade radial fan that achieves optimum

| and sufficient quietness under a given condition can be
designed systematically, without resorting to trial and
error, by applying the.formula @ to an impeller whose
diameter ratio falls in the range from 0.40 to 0.80.

20 Radially directed plate blades are used in the above
embodiments. As shown in Figure 11, the inner end portions
of the radially directed plate blades can be bent in the
direction of rotation of the impeller to decrease the inlet
angle of the air flow against the radially directed plate

25 blades. This preﬁents the generation of turbulence in the

air flow on the suction side of the inner end portion of

the radialiy directed plate blades and further eﬁhances the
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The formula [err] can be applied to inpellers with dianeter ratios in the
range of fromO0.40 to 0.90. As shown in Figure 9, However, the m ni num
val ue of the m nimum specific sound |evel pgrr] of the inpeller with a

di dneter 10 ratio of 0.90 is about 43dB. In other words, an i mpel ler with
a dianeter ratio of 0.90 cannot be made sufficiently quiet. I's therefore
appropriate to agptieiness d?ffnﬁ}!f [“é%]rt]ltt]@quﬂ@qj@r]s f\,qq *h lezi‘fﬁatQ@r“dr f8Hde n
the range of from 0,40 to 0.80. | ade radi al fan

| t
Lot o ves outRadinoth P CRY (REHR Y QO AT eI as Phis A ads R Se e an

be designed syste | cal | resorting to trial and error, by
appl ying the forrﬁr}ﬁjib rﬁeqﬁ']bla[ci)hsg | npel |l er whose dianeter ratio falls in

the range from 0. 40 todﬂ‘ré%rgé)%t ihnver@lcg lAaYn ddél%cﬁ:ﬁﬁeq ale abI gare

used in the above enbo own in |gure nner en

portions of the ragi@ldy SY5eGhert i Pids HAFES i b ies ithd *Iearﬂ'fo‘»‘(‘smm

of rotation of ‘the Iinpelléer to decrease the inlet angle of the air flow

agai nst the radi aly Y thressd erh @ Rtend 5 B wiples. Thid i douly ey ek fidie ration
of turbulence in the air flow on the suction side of the inner end portion

of the radially diukcirbadd ated id hotan all Has tdhhasueEtmpss direular Rise
qui et ness of the nultiblade radial fan. The bend can be nmade on every
bl ade, or at inteplate bf, a paieted rMnmal sanunbleates lﬂea.delst Tisposeskran the
i nvention can be applied to a double
opposite sides of the base plate 11, a large number of
10 radially directed plate blades 13a disposed between the
base plate 11 and the annular plate 12a, and a large number
of radially directed plate blades 13b disposed between the
base plate 11 and the annular plate 12b.
Multiblade radial fans in accordance with the present
15 invention cﬁn be used in various kinds of apparatuses in
which centrifugal fans such as sirocco fans and turbo fans,
and cross flow fans, etc. have heretofore been used and,
specifically, can be used in such apparatuses as hair
- driers, hot air type driers, air conditioners, air
20 purifiers, dffice automation equipments, dehumidifiers,
deodorization apparatuses, humidifiers, cleaning machines
and atomizers.
[INDUSTRIAL APPLICABILITY]
Acéording to the first aspect of_the present
25 invention, the specifications of the,impeller~of a
multiblade radial fan are determined so as to satisfy the

correlation expressed by the formula p =-0.857Z:+1.009 (in
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5 suction type nmultiblade radial fan such as the fan 10 shown in Figures
12(sa) and 12(b). The doubl e suction type nmultiblade radial fan 10 has a
cup. shaped circul ar base plate 11, a pair £ annular plates 12a, 12b
di'spgsed on the opposite sides of the base plate 11, a |arge nunber of 10

e o o R SRR T o AR BT T IR 0 Bt
13 [ ' . 1 .

VLt bi ade r ad: atieddE TR, B rhe dapR12eRS "R0c BusBRRCcARRNS of the
used in-various iipds 1o APRA! HiiReS oF WRGRIG§ Wi rEUeRY bIRTeRUCH aS
sirocco fans and turbo fdns, and cross flow fans, etc. have heretofore been

used and, specifiggldihe rarb.%hlés%cﬂﬂalggcfai%ﬁ%reat BI85 ghahhe%bgr thehot

air type driers, air conditioners, air purifiers, e automation

equi prent's, dehuriighifmudl $peeaTadQ isbindoN edielalo?t Ehes multibdiadecradialle®anng
machi nes and atom zers. (I NDUSTRI AL APPLI CABI LI1.TY] According to the first

aspect of the prdsemindmizednt Thus,t ih seecridateie arithotthiehd iiratellspecel of
nmulti bl ade radial fan are determ ned so as to satisfy the correlation
expressed by the ther priesent >invendion,emr mul td®J adien radial2@an tthatf or mul a,
[err] = [err] [err] inside radius of the inpeller, [err] outside radius of
the inpeller, n: athiigdesofoptdamug qpigtnessedngderdds gitven condition can be |
designed systematically, without resorting to trial and
10 error.
According to a modification of the first aspect of the
present 1nvention, specifications of the impeller of a
multiblade radial fan are determined so as to satisfy the
correlation expressed by.the formulas vy 2-0.857Z;+1.009 and
15 0.8z v = 0.4 (in the formulas, yp =ro/r, Zy=(ri1-ro)/[r:-
nt/( 2 )], ro: inside radius of the impeller, nri:
outside radius of the impeller, n: number of radially
: directed blades, t : thickness of the radially directed
blades ), whereby the minimum specific sound level of the
20 multiblade radial fan is minimized. Thus, in accordance
with the mddification of the first aspect of the present
invention, a'multiblade radial fan that achieves optimum
and sufficient quietnéss under a given condition and can be
easily fabricated can be designed systematically, without
25 resorting'to trial and error.

According to the second aspect of the present

invention, specifications of the impeller of a multiblade



t hi ckness of Ehe radially directed blades ), whereby the 5 m ni mum
specific sound level of the nmultiblade radial fan is mnimzed. Thus, in
accordance with the first aspect of the prgsent invention, a nultiblade
radi al fan that achieves opti num qui et ness ‘under a given condition can be
designed systematically, without resorting to trial and 10 error. Acgordin
to.a modi f i cat i oRa@taghgan; pEE 9§538918Fd?ﬁ8 ﬁ?e§@n§th§éﬁtFﬁﬁ,c°rpe ation"
speci.fications of the inpeller.of ;a nultibla radial, . fan are tepmn SO
20°C6 sati sty t nEXBEPREPR, P8n bhgpr BeBliaL 01 Fhiior Surdr (1 T ar T <2t ck Fh "Efe
15 [err] [err] A (in the formul gs, Af 1,Ler eLr t er J1,
[err] inside radfﬂgmB% fhé’rnﬁé?PéF,éférPIgégtél8éE%S%iE§}8? é&5¥}abef%e2?
n: nunber of radiglkly.di d.bl Simhi L.ckngss, r adi y

di rected bl ades ??E3E8r£é§§9§e°?1§ﬂ§uﬁP Ségpk?c 23Un§LF%€gF g?h?hg 38 the

multi bl ade ragi akphan1ks,M AiMhaRber TBYSraifade§oudpBEeed balibs, ¢ .
nodi fication of the first aspect of the present invention, a nultiblade

radial fan that gahckyessopti tHe padialfili aieettredi blaees,under: fegerence
cordition and can be easily fabricated can be designed systematically,

wi t hout 25 resorthidgknestsr FalD.8ma)gr wherebgcthdi mgntimumhspeedfibd sspadt level
the present invention, specifications of the inpeller of a nultiblade -
30 - radial fan afetdet auitibdade nedielsfansfig mivimdezedlat Tbusexpnessed
by the formula (1.009 -[err] )/ (1 -[err] ) [err] (in the
accordance with the second aspect of the present invention,
10 a multiblade radial fan that achieves optimum quietness
under a given condition can be designed systematically,
without resorting to trial and error. |
According to a modification of the second aspect of
the present invention, there is provided a method for
15 designing a multiblade radial fan, wherein specifications of
the impeilef df a multiblade radial fan are determined so
as to SatiSfy-the correlation expressed by the formulas
(1.009 - »)/(1 ~y) =2, and 0.8z vy 20.4 (in the
formulas,u.= ro/ri, Z2= 0.857 {to/[(2z P1/n)-t]+1} , ro:
| 20 inside radius of'the impeller, r; : outside radius of the
impeller, n: number of radially directed blades, t:
thickness 6f the radially directed blades, to : reference
thickness = O;Smm), whereby the minimum specific sound level
of the multiblade radial fan is minimized. Thus, in
25 accordance with the modification of the second aspect of the

phesent invention, a multiblade rédial fan that achieves

optimum and sufficient quietness under a given condition and
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formula, [err] = [err] Z2= 0.857 [err] [err] , inside radius of the
impeller, [err] outside radius of the 5 inpeller, n: nunber of radially
directed bl ades, t: thlckness of the radiglly directed bl ades, to:
reference thickness = 0.5m), whereby t he 'ﬁinun1specific sound | evel of
the mul tibl ade radlal fan is mnimzed. Thus, in accordance with the second
aspect of the prééénbelﬁ@éhﬁyoﬁabIécatﬁﬁlFﬁblHﬂed¢§38&ﬁdf%Msﬁﬁﬁﬁtéﬁhlees
opt i mum qui et ness ugder a |v n condition can be designed systematically,

mnthogt resortlpﬂ E Opti B Sﬁ 1g8r 5P. tE&EﬁrﬁPﬂgeFﬁoﬁ‘nDdlflcatlﬁndo; t he
3§§?Sm Fé?grﬁgf’t bl ade T RBaRAReaRN0,ABFEF AR b FRearrorel by ThEST el pLgte
expressed by ¢ ﬁef’?gb% £BR BepERLeil, Be, ??53?5331' 81 Ep¥abifn B EhEL, ]
> 0.4 (inthe ! ohgUhdsr 5 hBEEL Esreh §éz Gheie(gketht aip)pibdth

ro 20 inside ra the |npe outs e radius o

impeller, n: HES&nQE taél9hHYa@uyea&9dcbbads§até blaaegneS@hQ£ bPSvents
radially directed bl ades, to: reference thickness = 0.5m), whereby the

m ni num speci fi Ctﬁeugdnbeueuoﬁf orheuﬁuhuehb@denraﬁeahifaﬂloa ohnthezedetion
Thus, in 25 accordance with the nodification of the second aspect of the

present inventiosida ol thel ddaeradndl pbatibhabfatheeradiaplyniiraoctded
sufficient quietness under a given condition and - 31 - can be easily
fabricated can bpldsei hledesysndnfiurtheryenhances the quietness of the
' 10 multiblade radial fan. The bend can be made on every
~ blade, or at'intervais of a predetermined number of blades.
" The present invention can be applied to a double
suction type multiblade radial fan.
'Multiblade radial fans in accordance with the present
16 invention can be used in various kinds of apparatuses in
which centrifugal fans such as sirocco fans and turbo fans,
and cross fiow fans, etc. have heretofore been used,
specifically in such apparatuses as hair driers, hot air
type driers, éir bonditioners, air purifiers, office

20 automation equipments, dehumidifiers, deodorization

apparatuses, humidifiers, cleaning machines and atomizers.

25
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wi thout resorting to trial and error. The inner end portions of the
radially directed plate blades can be bent in the direction of rotation of
the 5 inpeller to decrease the inlet angle of the air flow against -the
radially directed plate bl ades. This prévé§t§ t he generation of turbul ence
in-the air flow on the suction side of the inner end portion of the
radially directed plate blades and further enhances the quietness of the |lo
mul t i bl ade radi al fan. The bend can be nmade on every bl ade, or at
intervals of a predeterm ned nunber of blades. The present invention can be
applied to a double suction type nmultiblade radial fan. Miltiblade radial
fans in accordance with the present 15 invention can be used in various

ki nds of apparatuses in which centrifugal fans such as sirocco fans and
turbo fans, and cross flow fans, etc. have heretofore been used,
specifically in such apparatuses as hair driers, hot air type driers, air

condi tioners, ai I'c= purrtrerfs, ortijce 20 automatj on equl pment $,
dehuni difiers, deodorizatifon apparatuses, hunififiers, cleafing nach|nes
and atonizers. 2  -32- [err] - 33 -
= o o OO0OO0O0O0O0O0O0O OO0OO0OO0OO0O0CO OO0
Nt T~ . e e ® « o s s e @ o o & s = s » ¢ e e
oQ 8 [0 W e N as) [N oRoNole o) [N oRoNoNol e} OO0
> O 0, o0 O OOCOO0O00O OO0O0OO0O0O0OO0O [os Mo N es Nen)
O Q.S o000 OOOONNO QOOOCOON OO0 O00
N N O N MO O N~~~ 0 NOUNVOO~| VOINWY
L]
o~ om S AOME~ON T~ OCrevrm—i-N= = O~mo
[-{an] e o e & e ¢ v & e ¢ e+ e s 8 o * s & a
» Ot~ - O 0OV NN O WO MM ~unonm
LY = == a3 Nnmmomn I OOONOM oM
OV O oMo M DOWOWOMHMUNNO O ~\0
O N — M~OOWE-0=r O OO — ONON- O Mt~ v
- — (O O~ 0O NN N =t O 0 O — O = e -1
[V ] - —— NANNNMNMOOM SN O ~\0 i~
L] e L) . L . * L] » L ] . L] . L] . L L L] L] . L]
(=N Ne OCOO0OO0O0O0O00 OCO0O0O00O00 (ol es Neo N en)
B ]
. %,
—
]l <dowo
0 Lol e
B < OO0 000000 OOoOO0Oo0O0oO0x o000 O0O
&bt @ oNS SoooNO ~—JwoonNnN 00NN
-1
X%
m G Q
< ! O~ P 0
L o O .
et O W ed O T i
S NTLAdEBE (TaRTaRIa) nmuniinwnnmnom (TaRTaRToaNToaNTaRTaN1p) mnmunmmn
S0 g8 » e o e & & s e @ e ® & & o o o " a2 e »
PO~ 000 OCOO0O00O0 OO0 O0O0O0O0 COoO0OoO
Q .
he & QOOOINOOO0OO0COO0O0IVOOOO0O0O OO0 00
wt § @O~ OV o ¢ o= ¢ ¢ o o s » I o o & 2 e 4 sl=F e o s e
n o= OO0 *WNINIINININWN| +c0VOOOODV] OCOOO
SO E OO I~~~ Oo NN N =t = =3 =2
T B~
[0] ) y
e o o o ) o
ot £ HOOO'HOOOOOOO-HOOOODOOTHOOOO
i1 O I ) [ e L I T Y X e S e T N Tl (™ R T S I
PSS dOOO|tOO0OO0O0OCOO0[dOO0O00O0O00IHtOOO O
S Q8 L O000IMOO00000|IHO0000000QINO0DO00O0O
0OT E — - — T = - - —— e - — —
£4 j & -
e Q QD Q Q
@ + Lt 2 e
~i ()] (N [}) (0]
~ =] = =] =]
()] « o o Lﬂl
= T ot o= A= (NN NOE~-HOOONO —
Eg T NMUTITNO-OON O~~~ —TO— NN
w—{ .




-34 - CLAIMS (1) A nmethod for designing a nmultiblade radial fan, wherein
specifications of an inpeller of a nultiblade radial fan are determ ned so
as to satisfy a correlation expressed 5 a formula v > [err] (in the
fermula, [err] [err] , [err] [err] )], [et?] inside radius of the inpeller,
ri< ‘outside radius of the inpeller, n: nunber of radially directed bl ades,
t: thickness of the radially directed blades ). 10 (2) A net hod for
designing a multiblade radial fan, wherein specifications of an inpeller of
a nmultiblade radial fan are determned so as to satisfy a correlation
expressed by formulas [err] > [err] and [err] [err] > 0.4 (in the

for mul as, [err] [err] [err]—([err])/[[err]/( 2 [err] )], [err]: inside 15
radius of the i rr- utsi-de—radi-ug—of—t-he :"ppkler, A—RgHBer
of radially directed bl ad E‘Socbio“le:kEﬁéS:afo he)dba:dbedalchorcsded:bi ade® oo
)., (3) A Wlt'&l%l'ﬂe%‘rad a %%%Sﬁé Iaéaw%ao&adgngkgergggg
a mul tibl ade ra n Sitgs%b 2B RPDEIBBE®c00| 83580
formula[err] > DB erf] &l 9|mq o pranferrpp@rjoR| rpowvo
ra : inside radjus of thelinpellgr, [err] outdlde radi us of the |npeller,
n: nunber of rapi O TeCted brades, tTtihrgknessof —the Tadial Ty
di reP.]E?d bl ades EAZS' (4| | oY L :«@figoo(cgfi' alofaqnx%m-e'beh\rlo{nhoo or~mm
speci fi cati ons bfizan i npell| e o} a muld | hhadg)radial f AU SN N e
correlation M SO B8 Rhmm Haammmnmnnnnmm tmo
Oy O b~ mnme-NONONN O —DINI~OUNNTONNOMON [TaNe NV
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expressed by formul as [err] [err] and [err] [err] 4 35 --(in
t he-f ormul as, [err] [err] [err]=([err])/[ri-nt/( 2 ‘£LT?§TT‘T

inside radius of the inpeller, [err]: outshkge_radius pf

nunber. of radially directed blades, t: thickness of th gf(#i‘ﬁm
blades ). 5 (5) A nmet hod for designing q%gyi bl ade radFa Ay ein
specifications of an inpeller of a multibla ial fan are deterninéd so

2 (T the tor bl b [y ‘ﬁ?ﬂ%@/ FRGablefule" %‘?’[‘f’f"efﬁ?ﬂgﬁrfle@hih)‘qﬂl{ orel
I nsi de radius of ﬁerebﬁ ! fﬁ%atléﬁgr%f 1881 4 éﬁmﬁ(nzﬂ{gﬁglﬁﬂdlal

n: nunber of radi y d|re ade |c ness of the

di rect ed blades,_%€% éﬁee&@ﬂ?ﬁ?iﬁé§k§€m§e;%€H§£€%%£¥E% coﬁ¥é¥%¢¥ﬁhfé§ ressed

designing a nul ti de radia i cations of an |npe

of a multiblade rggial réApupac d%tgjfnmnesi'rzmﬂso@@ CEM i SRy PordMiTeE) apion
expressed by formulas (1.009 - [err] )/ (1 -[err] ) [err] Z2 and 0. 8>

[err] O (in pherforovkes, fes Y[ F fetrt. 2kei ] - SﬁYSid@/ﬂiddms]of ethgé
ro: -inside radius of the inpeller, [err] outside radius of 20 th

impeller, n: nunbmpedleradin| |:youtside eradiasiess the idpekhess cﬂ :tinember
radial ly directed blades, to: reference thickness 0.5Mm) . (7) A

mul ti bl ade radlaIofanadﬁhblridisgebedibhadaﬁs ot:ahhim@m¢$%r06ftbe radially
mul ti bl ade radial fan satisfy a correlation 25 expressed by a fornula
(1.009 - [err] )/girecked|blades Jin the

10 (2) A method for designing a multiblade radial fan,

—

wherein specifications of an impeller of a multiblade radial
fan are determined so as to satisfy a correlation expressed
by formulas » 2-0.857Z:+1.009 and 0.8z y =2 0.l (1n the
formulas, -ro/rn. Zy=(r1-ro)/[r1-nt/( 2 7 )], ro: inside

.15 radius of the impeller, r: : ocutside radius of the
impeller, n: number of radially directed blades, ¢t:
thickness of the radially directed blades 5.
(3) A multiblade radial fan, wherein specifications of an
impeller of a multiblade radial fah satisfy a correlation

20 expressed by a formulay =-0.8572:+1.009 (in the formula, yp

| = ro/riy Z1=(ri-ro)/[ri1-nt/( 2z )}, ro : inside radius of the

impeller, ©r: : outside radius of the impeller, n: number
of radially directed blades, t: thickness of the radially
directed blades ). | _

25  (#) A multiblede radial fan, wherein specifications of an
impeller of a multiblade radial fan satisfy a correlation

expressed by formulas u =2-0.8572:+1.009 and 0.8z v = 0.4
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formula, [err] = [err], Z2= 0.857 [err] , ro inside ra
r .. outside radius of the -36 - inpeller, n: nunberc”llmmﬂ""mullmﬂ"nt ed
bl ades, t: thickness of the radially dire ged bl ades, - t ¢ ref érehces *
t hi ckness = 0.5nm) . (8) A mul tibl ade radial fan, wher ei n specifications
of -an 5 |npeller of a multiblade radial fan satlsf a cor elat| expressed
by formulas (1.000in[the]f9rpulag,) &[efvfrandZO‘@BﬂT%#} f& 2nha ) f
formulas [err] =rolri, %err] 0. 857 to/gé ée l/n) t] +

el {)‘F

radius of the inpel:l trsiderpadingef (ehea zherinﬁ%ié%idéerr%HW%
radially directed 10, bl a

;ﬁ ILSLF{ZPCﬁaLPFERnEQEeffBPSn%?t2%§$ egip f t&ﬁ?%ﬁﬂ $%%¥%€é#gﬁi%%n%;?g€§g
, ra
gi{cunfe{ﬁntialIgﬁéggEéﬁsfPtn#hécﬁééfﬁiig gkggg?% ?n%éﬁérrOM/channels 15
et ween the
are preventghsfrgﬁﬁsepg ?ﬁéd f?g aé%?hﬁ?ﬁ?b?a ui?gg}§§§¥§%§g§l;ﬁéﬂgﬁgsof
claims 3, 4, 7, ﬁhaggent pﬁ tEgEatﬂaﬁé SPdaﬁoihP@D§e9fofh§ haltablyde radial

di rected bl ades are I rection of ation of the 20 inpeller.
25 ‘fan are determined so as to satisfy a correlation expressed

by a formula (1.009 -y )/(1 -y ) <2, (in the formula, v =
ro/ri, Z2= 0.857 {to/[(2x P1/n)-t]+1} , ro : inside radius of

10 the impeller, ry : outside radius of the impeller, n:
number of radially directed blades, t: thickness of the
radially directed blades, to : reference thickness =
0.5mm). |
(6). A method for designing a multiblade radial fan,

15. wherein specifications of an impeller of a multiblade radial
fan are determined so as to satisfy a correlation expressed
by formulas (1.009' - v)/ (1 -y) =£Z, and 0.82 y =0.4 (in
the formulas, y = ro/rv, Z2= 0.857 {to/[(2x ri/n)-t]}+1} ,
fo: inside radius of the impeller, r; : outside radius of

20 the impeller, n: number of radially directed blades, ¢t:
thickness 6f the radially directed blades, to : reference
thickness = 0.5mm).

(7) A multiblade radial fah, wherein specifications of an
impeller of a muitiblade radial fan satisfy a cofrelgtion

25' expressed by a formula (1.009 - v )/(1 -y ) =22 (in the
formula;.;;= ro/ri, Z2= 0.857 {te/{(2z r1/n)-t]}+1} , ro:

~ inside radius of the impeller, nri: outside radius of the
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impeller, n: number of radially directed blades, t:
thickness of the radiaily directed blades, to : reference
thickness = 0.5mm).

(8) A multiblade radial fan, wherein specifications of an
impellér of a multiblade radial fan satisfy a correlation
expressed by formulas (1.009 -p )/(1 -» ) szz and 0.8; y 2
0.4 (in the formulas, y = roe/ri, Z2= 0.857 {te/[(27 r:i/n)~
t}+1} , ro: inside radius of the impeller, r:: ouﬁside
radius of the impeller, n: number of radially directed
blades, ¢t : thickness of the radially directed blades, ¢to:
reference thickness = 0.5mm).

(9) A multiblade radial fan comprising an impeller having

many radially directed blades which are circumferentially

~ spaced from each other so as to definé narrow channels

between them, wherein laminar boundary layers in the
interblade channels are prevented from separating.

(10) A multiblade radial fan of any one of claims 3, 4, 7,
8 and 9, wherein inner end portions of the radially directed
blades are bent in the direction of rotation of the

impeller.



