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Aerodynamic and Noise Characteristics
of a Multi-Blade Centrifugal Fan

Yoshio KODAMA*!, Hidechito HAYASHI,
Kazuo OGINO and Hitoshi NOZU

* Department of Mechanical Systems Engineering, Nagasaki University,
1-14 Bunkyo-machi, Nagasaki-shi. Nagasaki, 852-8521 Japan

The effects of a volute angle of scroll casing and a groove on the suction surface of blades were
investigated relating to the characteristics of aerodynamics and noise of a multi-blade centrifugal
fan with forward swept blades. It was shown that in the aerodynamic characteristics, the optimal
volute angle existed between 4.8 and 7.2 degrees, and in the characteristics of noise, that existed in
the near 7.2 degrees. The wake width of grooved blade fan became narrower than that of the
ordinary blade fan. Therefore, the grooved blade fan was superior in noise characteristics to the
ordinary blade fan. Using the method of predicting width of wake and the formulae to estimate the
turbulent noise level which we proposed in this paper, the sound pressure level can be predicted with
the accuracy of about =3 dB within these experiments.

Key Words: Fluid Machine, Centrifugal Fan, Fan Noise, Turbulent Noise, Specific Noise Level

1. ¥

[l

HEOREBERE, SEHEVCOIBEHEE LTV
B7:8, EHASLMEHREVLWHSEBEEHROEFABRSC
HAAENTD, 7V -V —LBDO7 7> LTH
£CHLBNTWS, SOk, BHORE{LOEH
5INSDHBHOFRET LIRTHVHEL 2 -TET
BY, ZOEREIIEFEL LT3,

HEESIZI )V —LRF T 4 AEDZETERIC
AushTuaRzo—LL AELT 7 v OBREICD
WTHE LIER, COBTREL L CALREBETH
BIENPS T, Fi, ZOEDRA 7O
—VVAREL7 7 CEALTR 7 7 v OEN LR LR
BEEMOURERESTA YT 2 —VFERLT7 72D
e Th i Tn b,

BEDRA 70 —NMTEDELT 7 AL TIE, E
R EBEFOBFREFANT, BEOEBILERK - -/
%O BLTOVOBRFTERIZT NS T OREIC

* FREA 2006 2 F 1 AH.

*ER, RIFKFEIHE (D 852-8521 RIETHSCHHET 1-14).

*ES WMTTIy AT LXK (B 486-8523 HHHMME
Wy 4811).

T AT LK ().

E-mail: ykodama @ net.nagasaki-u.ac.jp

BE9 B9 FOWEL R INT &S,

—#, yuava7y rOWRICEL TEES TR
BHROBEEHFD PR 70— LTy —¥ v 7 ORER
RO OLTHERLTB Y, TIMEADOMAIL 0 BE,
SERREE W O 13 150~160°, % —> > KA1 6.5°
BEIRBETHL EVIBREEBTVS, £/,
O6937 7 »ORMBNOENEECET 2%
E{T-oTBH, FROETILAES L ENEEEA
T3, LA TCZOEBTHRET 2BENXENT
bpEARTS,

KFETIRRAZ O AT — Y T DENBVAENT 7
DTSN BT RETRE S IIL
72, &5, BEH EOMhDZ S B2IE 3T 280MT
AEEECEEFILIREL D7 7 v OEIRE L
BT RIZTEECIODLT LR, T, %
FROEH H ORE A ICE D BROBOBINE & Big
BoEsOMELTEEND LREL, ZOBHLL
RBROBOTFHREZEAL L, &5, ILEETD
FHRXOHA 2R A, ZOROFYUEORT 21T -
7z,

2. bbb 7R

il

C =

ao - BHH m/s



PREL7 7 OEAHE BT T 2% 2179

B I THREE
C EEZE mZ/izidmm
D ZHOE m 7243 mm
D; D PHRENER m 724 mm
Do THREAEZR m 720 mm
D, i BEBOES m £71d mm
E:g&8LH W
/I BER Hz
e DPMRE S m 724 mm
Ks ! tEEEHE L~V dB
L:E&godl W
N [EE#EH rpm
P I &F Pa
Do - B/INETREEE (=0.000 02 Pa)
Q:iE md/s
rlEREBRASA L O m
SPLuy : ABFETOEELV L dB
SPLu, : LFFETOFEELV -~ dB
St AT — 1 E(=0.2)
e D PHREAGIC BT B EHEE m/s
W REAESEE m/s
WD ALEEE m/s
2D AV EERE m /21 mm
a: A7 a—)VEMDH
B . Hit A
n o EIFALA
v L BEHHOMA
6 HOREA
or i HE T EZ
AL EIIIRE
0.7 7 VEE
0. HEHH» SREWE £ COMBAAAOAE
0 EKDEE kg/m?
¢ TEREK
de D BIERE
w: ARE rad/s

3. ALRBENER

341 AMBEOEERX WURHEOLRcEEY
WROEBEII7 7 o RETIHAFBEFTEIELL
T, BB s S 2 WIciEAL Tw3, Zhic
EO(EBEOFHENE L LTEHSIER(1) 255
HL T30,

E=Bp / WS(Sc/C)dz/(600aR) -wserreveneen (1)
BAFRKERE DG, BEE R EABE TR D1,

AOESHEZRAKTE 8D, COROBERAVE
FOHBER S, BROWD OFXFEETANVEA
FUCHIA YT SN B L EZ SR T V500, —F, —
BRI BEB LS, AV HAOHBE X 13%
WOBDFI 6 ETH DY, &AM & —kEins
ETRANVAROHBRES R0 RS, FElE
R DS, ADHXSEEIZIEIF—HETHE I En D
A28 FRAIOMBER S E—H RS OMHEER & 12y
e TFHans,

BE OB RE TH 2 HEERE S & A/ A
BRS L BERAAOHBERI LOBTRSN B Z L
&, EL7 7 v OBEOHBER S I —HRVGORL
BIZRAETHL I, " BRENBICBI2BZEARA
OHBERSIBEE C LIZZREETHL N 2%
FEITNE, BEL7 7 v OMHBEER S 13 S.=6DC
TREING, ZOHBEEEENX (D) ICRATHE, &
L7 7 Y OERBEOEHEN E 3X(2) %3,

E=,7Bpf[)ﬂ"3dz/(100(lg) ..................... (2)

B, R(2)TBF2REEE WL, KR TIIE
B 509 % Sharland"? & [F#C A DM EE W, T
RE2 L, BBIMRALOTE, A TFERIZ LI
PUMRIZTHAT 3 LAREL T, FEE & ADNEEHEHE
Eho W Rl $72, ADEEHEEE TR
HIMIZB W TERRIL 22 R R A MERE & EREoXE2 A,
TEH L.

—%, BEENE P L EONL Ty RS S
r OEBEC B 2 BREOFE LY~ SPL £ ORI
R(3)TE5z2561 35,

SPL=10logio[(3pacE) /(812 pF)] ++e+ree- (3)

BERRMRIE2ME L 7o A RO SHEHBFE L~ iz L
TD &> RAHETRKDI, A/ HAOEMEICE T
SN HE L B ROESE 2 s, ZOMED L
FHEOFELV VR (2) e R(3) 26, BB ICS
FRBEEOREE f 3 ()rekdohs,

f=Sle1/D ....................................... (4)

Lichio T, ERIBICB T 2BFORIEE L 20
B LFEOZTEY ~ADE 2 shhid, LEEOE
FEVARVICBERFEIERT 2 Lk > TABTEDSE
[EVv_A»RD SN 2D, B ADHENHENME TS
[FIRANR Y AEIIAHE L DI L RBFROEL 2%
bolw, BEfud—FEICidzx sy, LissioT,
R ORBEOTVRET DI EICk D,

32 BROWE  LAHRoBERAEEEOT 7
WA 2HEICIE, HNEZERCB T 2EKOE D
ERETHILENDHL, ZNCELT, BES 3



2180 SEREL7 7 Y OFENHU LEECET 2%

Fig.1 Relation between the wake width and the rela-

tive flow angle
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Fig. 4 Test impeller (II 7 impeller)
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Table 1 Main dimensions of the impeller

Fig.5 Groove geometry on suction surface of SG impel-
ler
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Fig.6 Effects of volute angle on the characteristic
curves

A=2L[(xoDoli113), n= . P/A

H6d (O, @)X e=9.5°, (&, AN a=
7.2°, (0, MEM i @=4.8°, (V, YEN X ¢=3.0° D
BRERLTVS, 28, BRENB I 2ERE, 2
BNELEFE 77 ORENETHS, BBEAMECE
JAEMEAMBEIMERK 270120225 Th
5, ZOWMBETIE, ¢?4.8L7.207 7 V%K
BIZIFEILTHD, 9.53.00 LD bR T%FE. &
NiZa3.0 DFED LS ICy — 3 > 7 DERER
ML 5B b, A—RESEEERAS5E1E, @
HOLEWbLO X DEENEL 20, BREERICBI 5
EEBEAES L, ENVET T2/ THS,

—7F, A7 a—NVEDBDEANLL KD TE S @K
NI ZRFENSFREL, COZRFENZ 7 7 V%E %
BTESEIBERELL ZEMNEHINTHE®, g=
95°D7 7 >NT.2%48D77>EDb 7705
EEVL O EROBERICE 2 L Bbh 3,

UEDHER=SRINE, 77 YFEOED S I,
BilEA 70— NVEHD I 4.8~7.2° DEBENICEE
T35 bis,

7 3RO EERICR T I#S 7 7 > DI



2182 SEERL7 7 o OENBHELETCHT 2WR

3.0, T T
H10 Fan ¢ 7
—O——@— SG Fan
—4&——A— H7Fan |;

§ IS
< 2.0F -
8 o0 40| B
& 5
fe=t 3]
3 g
o ‘._A—-N 7 los B
e =]

<
2 1.0F (r,
v
o
kel
Q‘ . .

/Desxgn point
L 0

0.1 02
Flow coefficient, ¢

Fig.7 Effects of groove on the suction blade surface on
the characteristic curves
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