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Prediction of Pressure Coefficient and Turbulent Noise
of Bladed Mutiple-Disk Fans

by

Yoshio KODAMA*, Hidechito HAYASHI*, Yasuo HAMADA**, -
Kiyohiro TANAKA*, Hisato HARAGA*** and Katsushi AKAMATSU***

We introduced theoretical formulae in order to predict the noise and the pressure head of bladed

multiple-disk fans and verified the validity of these formulae by experiment.

In present investigation,

we assumed that the characteristics of the fans could be consisted of two parts; one is the disks and

another is the blades, and that the total pressure head and the sound pressure level could be estimated

by the sum of these parts. Assuming the noises due to the turbulent boundary layer on the disk surface

and the vortex shedding from the trailing edge of a blade were independent of each other, the sound

power estimation was carried out. In this paper, it was examined the effects to the aerodynamic

characteristics and the fan turbulent noise of parameters ; the span length of the blade, the number of

blades, the inner radius of impeller and the setting angle of the blade.

Moreover, the comparison

between the theoretical and the experimental values was tried. The agreement between the theoreti-

cal and the experimental results was fairly well.

1. #& =
BERDRR 7 7 > (BWT 7 >) ORHIHKEE
LEERIEOREE AL LT, FE S BIR IR
DRIz A5 o B 8 530.7~2.8mm OB ¥ £ BERE L
277 REHEL, ChEBMEXEBAKRY 7 LA
7, BASSBAERY 7 v REES X CEELDS
ZLWEEORDLT 7 ViR, RENBREL VS
DPRBEVIEFRBHEDOD, BEEPHLEEL v
PMMECRFFEET S, EES BT TREM ELBMANK
7 7 ¥ OFWARSIFEEE & BRI S LT RET
DLTEBRIICHEL, VEEHTSZLICL>TH

R 6 4F 4 H27H 2

8, BB ULENESKECEDNEZ L, (2)
BT ESBMART 7 >~ RBELSBEIR 7 7 T
LCEZ RS IEITHESEML, ENBSERT S
e OHBEL - VIHETT5 2k, QUEShEEE
LR OTHBES) gREEVEBECMZ 3 I LXNT
&5 L%, BRI AEENA S IEERE~Y F i3
THEREHEEFTLHENT 20T, HEFLVVTH
B LI E =3 T BB ASEET 52 &,
BBz o TRRBp 24P EE L\ k¥ E
ZHESMIZ LI, %72, BEORERIFARE LD
WIEFEOFENEE PREGDOHRR THS Z

* B A 7 A T%E (Department of Mechanical Systems Engineering)
xRS SRIRYR R IR BT (Graduate Student, Marine Resources)

= RS EPTYET (TOTO Co., Ltd)



110 RELFHE « KFTA - BHER - HHER - FHEAA « RMATE

EERTRT 55— 8 2.

e, B ESBAKRY 7 > 058 L BT 3H
HELARLEBIESBDORMELTEENL DL
Ex CRMNEZEAR T 7 » OBR LEHEEOTA
REHL L LD ZOROFLMELRE LT,

2. BLLRS

A EXRTHRE (q/rd)

Ao EXRTTHE (q/vrod)

By 1 2 BOMREORBE

Bp - FEIHRBK

D, MHEHNE mm

F o OIREBE Hz F3EELH

Hr 2F~vy ¥ mmAq, mZE&&E
Kz, Kno * 75X

L @@ w

Lpr BB L EHM L OFEEHE mm, m
L: : R FRNE L OE# mm, m
Ly Bk MRs& e OFE# mm, m
N [EEEHE rpm

Q 77viE mi/s

g I 2BOMEEONE mi/s

r  EEFE mm, m

ri  CPHREAONZE mm, m

7o PMREHO¥E mm, m

SPL(A). : A¥Eo2fESEE Y~V dB
SPI(L) :L¥HoL#EFEV~v dB
w - PRESNGOREE m/s

w BAOOE#EE m/s

u: I REOOREE m/s

Vi CBEAOOHNEE m/s

V> CINMREHOE BEHOOKSEE m/s
W BAOOHENEE m/s

We @ BHREHO R 72 3RHOOHENEE m/s
Z BRLBASLOERE m

@ IRZU—NVT—yVIDEBVE &

Be  AEXFRHA
S I 2HOMIREOME mm
o L EERNE

& TEUYA E

0 A B

vl EREERE m?/s

¢ EARE (=2gHr/u)
© . AHE rad/s

3. BRCAFEFOFAR
3. 1 BEOFAR
ZEHORZE iR 7 7 /(DéEj:ﬁ-ﬁ HupDFH

RERRTEZ TV 39,

Hpp=—22100 K"’" riw [ f R af - dR+2 f RdeR]

—AH: 1)

ZIZTfILEEN, Kpldv a7 R4 &Enond
NENPREORFTHREOH—RER CORER2E
tefRlk, AH 328Kk~ y FTzhZzni(2), R(6)
BEUROB)YTEZONSG, 72, 71 0, gIXTNRT
NIRREREE, ANEES X CEHINHEE, R=//
7iy, Ro=7o/riTH5,

P
22 .
g ) o ae 1)
(e R0 (2Y)] @
AH,=AHun+AH;+AHq (3)

ZZTA, 0 Vu, u TR ZThEXTHRE, #HEL
AT & x5 5 - FIRAERE & DS, HonhEE oM E
HEGHEEDFYE, FAROBEETH S, 1A
Hin, AHy, AHZZNZTHAOBRE~Y ¥, EEE
Ry ¥, IEKEER~Y ¥ THBY.

—%, Btk 22FE LAE Hus3BA L THSSTEE
PEBRFACHEAT 3 LRETHERA) TEZ R
3.

Hus=Kns)*tz Vur|g 4)

T Kuslk 2 MOMAR L HET 2EREOR

2EURE, wkBREORHEE, VLdBHOTS Y
LB EEOMNBAASHRETH S, BN SSETKR
77 v OEREE~Y FIRFARC L 2D ERICL S
bDEDOMTH B LRETHIE, ROE)TRbENS,

Hy=Huap+ Hus (5)

3. 2 # Kmp& Kms®DFH

Knip® Kns B HERIICED 2 Z L BIEHEREETH
3., LI2do T, R TRENS OREEFRITHE
LCEBRINCR (6) LR () TED T, ‘

Kmp=0.1(Ln/Lc)(uo/ao)logw(Ao + 10)



AT &S BMER7 7~ OEIRE & EBLREE Tl 11

+0.78/efe"e )]
Kns=0.75{1.0—(261*/6b)} (7

22T Ley, Ley oy Gos Aoy, al3FNZNINRED
g, 7—y 27 OERKIE WMREINGORRE, &
H, EIOEHE, A7 U—VOESYAETHS, oL
SEPRERD BT 2 BEREOHRES, 280M
R OBETH 5. '

3. 3 ARBEEOTHR
HEAER 7 7~ OEARET OFEH I Ep 3R ®)
TEA5NBY,

Ex{w)=1.3B5-10"%08:7x(5.6sinf+0.7cos )

WMPL?GMMw ®)

ZZTBo 0, &, W, M, vny, 0l3ZhZTHARK
W, BROEE, MREGCSTI2BEABOHRES,
SRR, ~ v E, FRBRIMOVSHE, BEE
NEBHOARERTH S, FIBECEKARERo.E
BNARER 0T T Nww=2xf <0.6W/or, w.:=
(5.6sinB+0.7cosB) [(ro— ) THED D E L TED .

—7, BEREOWERHICED QIR E:E3X(9)
TEzZ 505599,

Es=10Bs ﬁ  DW°dh/(4800ac) ©)

ZZ7TBs D, by aoBRZThZThERH, BHRED
g, ANVEROES, EERTHE., ThThHEIL
TR LRETHE, BRESSEIERY 7 v o R4E
T5E&TEHNELTR0) 2B 5.

E=ED+EB . (10)

THREL SR SN 2BE TR TH S L &%

BT, PHRE» & Z fihzBiE oSBT 35
FEp EFEHENE L OBBRRIRARNTEDT Z &8
Hi% 3,

E=8x2%p*/(3pao) ‘ (11)
FEEV -~V SPL 3B/NAIHESEE% po(=0.00002Pa)
ETRER(12) TERbE N B,

SPL=20log:o(p/po) (12)

4, EREBLLUSE

Fig. 1 iX=EBOTHRERE D OFBIRME & EE R
PHET2BOEREBRERLI:DOTH S, BAO
I JIS Bk e o CHME L - WE144mm, R 265

mm DAL/ AVHBEMAT SR THE Y, HHEAEN
#75mm, & 21115mm OHHESR T SshTw3, Z
DB L JIS BB HE - TERAE T, BEAB I UA

VT4 AW, Eie, HOWKKZZREFBEADY > /5
BIohTws, EFEETEENRT 320, BF
BREEHOBNEY LTHB 7 VS =y AROKOH
AN, C OIREET OB EERE X EHEH3I3000
rpm DA TL0dB (A) THD, 77 »EED T
Br&k D10dB ML EEW DT, BEBETIERTE 5,
BEEHE IR E 2330dB (A) MToOMEETIT-
Yo, BEEHIEGLRE XX R OB ETPHRE B b
51 m EWOE GRIEMES) Th 590, BEiH» 50D
HA RSO X2 N VT 5 4 P TEBESTE
h, BEEV~VVa-F TGRSR, kB, BE
= DN E REUZIEIR200Hz TH 345, 200Hz AT T
LR EE L Z R WEBEOEREHFL T3,

Fig. 2 BYATEX 7u—Nr—y v PR RLIZH 0D
ThH5, LY BREHE ST, LD Aald3 6 L
U7z, B D M1~M4 @RREH O O FEARE O HIE
BRThHD, ZOBMBIPBEREREL D 1I0mm K EW»
EZOMELMBLTWS, 26, FE LIRS
LOEMTERSNAEHT EEIX5 mm TH5,

Impeller 3502 anet nozzle  1i3g Air
~ 325 35 380 375

R | 4224 |
N

Spiral
casing

Static Orifice
pressure

tap

Fig. 1 Schematic diagram of experimental appara-
tus.

58

172

Fig. 2 Casing used in this experiment.



112 RESFHE - HFTA - WEBEK - HREH - FEAA - FRRTE

L 6200 '

“(a) Impeller

25
-
Nl a—
(b) Profile of blade

Fig. 3 Impeller used in this experiment.
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Fig. 4 Effects of span on characteristic curves.
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Fig. 5 Effects of number of blades on outlet rela-
tive velocity.
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Fig. 9 Measured spectrum density distribution of
fan noise (Effects of number of blades).
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Fig. 11 Comparison of experimental value of pres-
sure coefficient with predicted value by the
equation (5).
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- Fig. 13 Effects of span on sound pressure level.
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sure level.
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predicted value by the equation (10).
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