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Prediction of Sound Pressure Level of Turbulent Noise
for a Radial Flow Fan
(Effects of Inner Diameter of the Impeller, Span Length,
Volute angle of the Casing and Number of the Blades)

by

Yoshio KODAMA*, Noboru SHINBARA**, Hidechito HAYASHI*
Makoto HATAKEYAMA*** Kiyohiro TANAKA* and Takeo HAYASHI****

We investigated the effects of the span length, the inner diameter of impeller, the number of blades,

the volute angle on the turbulent noise and discussed the turbulent noise in relation to the flow

condition around rotor blades; the wake width and the relative velocities.

the validity of predicted equation of turbulent noise for a radial fan.

follows.

impeller was most low for the turbulent noise among 60, 120, 180 blade impellers.

noise was low and the flow rate region of low noise was wide as the inner diameter was small.

Moreover, we examined

As a result it was concluded as

(1) The turbulent noise became high as the span length became long, (2) The 120 blade

(3) The turbulent
4) If

the wake width and the relative velocity were given, the turbulent noise can be estimated from equation

(1) and (2) over the whole flow rate containing the low flow rate region.
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Fig.2 Radial distribution of the relative velocity.

250 828
Telet nozzle 38148 380 - 875
- l w Ajr flow
un ~ )
ﬁ!( O /
ﬁuu 1 - - ——.——_d&- -
" T Diffuser
L Spiral casing Honegcond  [DAP¢0
Orifice

Motor Static pressure tap

Fig. 3 Schematic diagram of experimental appara-
tus

32
Impeller " d "
[}
4
R
0O AST
') 32
4 5.2
455 X
©
% &
~ M2
O

Fig.4 Casing used in this experi-
ment.

B-4@3X7a9—nNr—y > 7OBEX2RLEDOD
Thb. r—y 3R a—LAa(=3, 45, 6) O
LD AEET 558 S BOMEE X TR O L TEE L 2



14 REfFHE - IR ZF-# FTA-BU

SRS TWwE, FMEPRBE L OERE L TE
HEINAEHTEELLTCRBBLOTEEE2HANT
TolEBERE2E2R L7 7 RSB EV
2mm HEE S iz, PREH OB T 2 FREnFEE IR
TURES G L D 6mm K ZWHE LD 4 Wi (-4
D MI~M4) 2 A AEEH 2mm ERO 6 £ T
o7z,

B~ 5 i HEERPIRE OMEE 2R 3, PIRE I EPR
Bfd7: B & 0.5mm OFHOFHK EE S 5Smm O ETF
DREEL OB EN TS, L, FUROBEAE
TR 180K DB E D A 0.3mm TH 5. 5B, M
REDO/NMEIRX 100mm O—E L LTWw5, KFETII,
PFIREOANED: I DT ik 40mm, 58mm B & O
75mm @ 3 FEMEH, PURAEBIZ D W TiZ608Z, 1208B
J VIS0 D 3BEE B iz, ANXVEI(PREX)
L& 20mm, 40mm 8 XU 60mm O 3EBERH 5.
EFREN XV FhOBE S 5000rpm TH Y, THREH
Mz 381 % FIREE Uoid# 26.2m/s TH 3. %8, AL
MR & R R ET V4 /L R REIES
CBWTR27000TH 5. '

5. EBRERsIUEE

5. 1 Zejiiei

K- 6 2» 5 K- 8 AW TH W 7 7 > OEEEHEN
3 5000rpm X B B EHFHEOF E R LIz DTH
5, EHFOD ¢ BEIRE, ¢ BRERE, A XBEIIHR
], 7 ZEER L XABOREZIETH D, RATRSE
ns,

¥=2Pr/pU;, ¢$=Q/xDoLrU, .
A=2L/mpDoLrUs’, 1="4$/A (@)

I ZTPr REABAIE (Pa), o RESKOEE, QIR
B (m?/s), LriZ AN K& (m), LIZEEI (W), Us
T PMRES MG D R (m/s) TH 5.

K- 6 XFFMEHRIC RIZTREOEERR LIS D
TH5. 77 ¥ DOREEIZD;=40mm (@H]), 75mm
(MED), 58mm (AED) DIEIZE L o TWw3, ZHIEH
Bo/hE {aniX, PRECERLL(AOERE/HOH
B WNE L 2D, BT = 57 FUTEOBHRB SN
T32L, BEESEL KD TERALOBRBNT
ETLI LB, —H, AEXPREL k3 EALOL
HOOEEZEINE 2D, FLBEOERO/NELOT
B XaEBEWINS kbl L#E2 5, ABEmH
W T D;=58mm B IFIZLTERIZ BV THERE
TIDEL, ZOEBERBENENFEET 3 LEbh 3,

B- 7 IR PHRB S R AR I 5 2 B R R L

Pressure coefficient, ¢

H - HiER - M &

100 J

Fig.5 Impeller used in this experi-

. Lr

Blade

N
I

'y

ment.
[ T
L A77
AESa -0.6
L /A \‘
7 ._ - \\
A . | SN -
R n
—0.4
AL
i —0.2

Do=100mm

B=120

/ N=5000rpm ® ;O : Dj=40mm—
A A Di=58mm

. m.3 :Di=75mm

0.1 0.2
Flow coefficient, ¢

Fan efficiency, 7

Fig. 6 Effects of the inner diameter of impel-

Pressure coefficient, ¢

ler on the characteristic curves.

N
I

-
T

T T T I T L]
N
A —0.6
R,
A " _
Y -
—0.4
Radial fan N
a=45 Ej
Dy=58mm ¢ 0.2
Do=100mm T
N=5000rpm
® ;0 :B=60 —
A ;A :B=120
lI ;0 :B=180
0.1 0.2

Flow coefficient, ¢

Fan efficiency, 7

Fig. 7 Effects of the number of blades on the

characteristic curves.



BB PTNT 7 VY OELEEREOTHE

% o\ > o ./, 1
(98, AANUER, A7 0—LEXD s & CTRECR OBE) °
T T T T I L] T T L
L l T T T T T 1T T 1
L J g 13F Radial fan - .
~-A - L - max—pol .5 R=20mm E
i Na [ 0.6 7 max-palnt Dowicomm  NeSOOOPM -
S A = 161 O B=120 1
2 b Z o TP~ ]
> N ] '5,514E A—— A T
o IS s | T ——a .
2 D - > —aA
g \ Ho4 F 12} O\o\o——o\.o ]
g5 = 5 % ! ]
Q - = = O :D=40mm [J :Dj=75mm
g \D\A\D‘A . :3&:') g 10 A :D=58mm =
5 1 Radial fan ~) ¢ 2 R Rear shroud Front shroud ]
[7}
2] D;j=58mm =Y ®© 8 lz N NS Y N AN TR S W Nl
& Do=100mm ‘g Ho2 © 0 0.5 1
B=120 Spanwise distance, X/LR
N=5000rpm . . .
®.0 :a=30 - Fig. 11 Effects of the inner diameter of impeller
AL ra=48 on the typical relative velocity.
N0 :a=60

I R 0.2

Flow coefficient, ¢

Fig. 8 Effects of the volute angle of casing on
the characteristic curves.

I l I ) T T T T I
E 5+ _
£ L 4
% " AL P P S A A
X rO.. e _p—-—0O--—-O-—-0O
[\ | ~. — i
S a-
B or- O :B=60 Radial fan
£ I A 1B=120 a=45"  N=5000rpm
§ - - Di=58mm LR=20mm 4
; L 0O :B=t80 Do=100mm i
. I/ Rear shroud Front shroud i
i I ! | 1 i 1 l | J
5o 0.5 1

Spanwise distance, X/Lr

Fig. 9 Spanwise distributions of the width of
wake

-
[+
-
'

ax45 LR=20mm
=100mm  Dj=40mm
14+ AT . ::120 N=5000rpm "{
Tl
L O e 4
\-'D -~v
.
A\‘\ \D""""‘D~~~_D

- O\g:o,—;é“«q@ i

1 $=002 ([ :¢=00865 1
A :¢=0041 V :¢=0083

r Rear shroud Front shroud 1
8 |Z 1 | ! | { 1 | { N__
0 0.5 1
Spanwise distance, X/LR

Relative Velocity W m/s
o N
L T
e}
|

Fig. 10 Spanwise distributions of the typical rela-
tive velocity.

60—y S PPN S .
m SPL{L) 7 max—point a=45 N=5000rpm
o Do=100mm  La=20mm  ~
i B=120
2 40 4
2
2
2 —
3
g 20} Overall value
Q. —— :D=40mm  53.1dB
g L ---- :D;=58mm 51.8dB
3 — :D75mm  59.3dB

ol 'l

" o aaaaal i 1
102 103 10%
Frequency,f Hz

Fig. 12 Effects of the inner diameter of impeller
on the spectral distributions

60—+ T T o T r
SPL(L) 7 max-Point Di=58mm  N=5000rpm

L ‘ Do=100mm Lp=20mm ]
B=120

40

Sound pressure level,SPL dB

201 . Overallvalus
:@=30"  54.3dB
- -----:a=45"  51.6dB
12=60"  53,1dB
[o sl L fd bt

Free | " PRI
102 103 104
Frequency,f Hz

Fig. 13 Effects of the volute angle of casing on
the spectral distributions

TWwb, 77 FEiZB=120 (AHI) X 180 (WA &
TEEMEBBICBVWTE LA EED 520w, B=60
(@HD) TIXES, #FEE BRI ZHE I VR, Tk
TUERES D W L 9 1R T & 5 IBRROENSEA &
7Y, IMRE EOBEFRENFRET 5 2 L c—EBH 3,



16 RELFHE-HE B-H FTA-BL EH-HOER - M BE

B340, 20, 10 L A3 51206 > THIRIIETL TV S
L, BR300 LM ¥ 5 L ETET T % (KA.
IS DREREEE T hIEB=120~180 T2 PR
BRORBEESFET S L L FHIZNS,

M-8 A7 a— VDL A o BSEHERICB &
ETEEE 3EEO e XDV THIRLIEDDTH 5.
BERER a=45 256 R 3 CHERTHhTrIIE .
T eSS R A 70— VOEREES R
WHARL Y, BRBAMEATSZ L, —AILLk
NWITEEFAOREEZNKREL 7Y, BEERISMEZ
220 EEILND, BB, ASVEINEMERIC
BIIZITHECOOTEXEK2)DR-5RL T3
DT ZTIIEKT 5.

5. 2 AEXHRE L BRROE

K- 9 3B FEDIE D —FI 2 PIRKRBUC DWW TR LT
bDTH5, PHRBED D% 23 1 O THRIRDIE
BILL "o TH Y, FHRMEBBSEIROEDD 2HIH L
TWw3EEZ5. £/, BROBOZA /N FEEZIE
BIMRHOIC BT B E Yy FI2E LW,

E-10 X REBEFEr e B I 2 HNEEWD X 28
HESRICB X ZTREOHE S D=40mm 2 D\
THERL T2, MR G2 2R Y 2 5
R SHIEY 277 FARA®I EONTEIBA T3
ERBR NS, L, RERE ¢ K& VI EHE
HERRE Y, BHEIIHESGEED 6 RicHplF2 L
BEETNE, SEIVTNT 7 VE G BREVELE

BB L nTEINS,

HM-11idHEsRE 5 2 2 NERED: OFEZREX
FHIZDWTRLIDDTH S, HHXHE WITHERE
WK E {72 B b ACTABREIE DS T 3 72 DR FHE
AIE I BT 2 MHEE NS 5.

5. 3 BEOARS MLDH
MI2ENEERPEFICB LIZTEELREMERLC
DWBTRLI: b DTH 3. 100Hz I & TDEE LIS
T D:=58mm () 755 b &> 8 800Hz A Lo 3
W TI1E D =40mm Gl V> E &), D;=58mm (B i)
D:=75mm (KWEH) DIEZEL %%, 2 VKT
RULHNRENKEVIECEL 25, £F8EET
g g, RERED; 25 75mm @ 7 7 > & 40mm %
58mm®D 77 X D b 6~7.5dB & » 55, 40mm &
58mm D 7 7 ¥ TR % D#E i3 1.5dB TD;=58mm O
SHBE D FHMEV, Zhid 200Hz I % TOER R
BTOESEY, §iEREVWOTH 5.

HIBICIZA 7 0 — NV DIEND A a BWEFD AR

MBI E KB TRENREN TV S, 800Hz %
2BRITE, a=3 B8—HFEVLY, 2FEEBEE CHER T
i, a=4.5° PMbD=F X Y FTFEY, 800Hz FTEDER
FOBED EBDBVRVDEITD DD, TXTOPMR
HiRohs ZeHETIE, ThiZERED> SK
HEaN3\IZEILDBOTRZVLrEEDbNRS,

5. 4 SEEEEOTREE KEREE DR
-141ZPABERNE % 58mm, A/ E% 20mm, I
R E120000—EW LT, A7 u—VDLEBEDA a
BE ZIOEE OFELRES OEEBRE L THIE & oltE %
SHRTEL ~VSPLL) DWW TRLIZ b DTH 3,
ZDHE, bLUEMEMMRE L OTHIC X 2 BESUE K

o O
o B SPL(L) (a) a=3° O :Datapoint _|
T - N
7] — a
= 551 Q -~
(3]
5 - +3dB o / _
° - o o __o— B
5 B / i
0 — -
@ 50} -O —
Q. — —
'g — -
s L 3B ]
3 - ]
: 45 L 1 ) — n i 2 i | 1 1 P N
0 0.05 .
Flow coeficient, ¢
2 e
SPL(L) 4 E° . int
1 eol (b) @=4.5 O :Data point b
o L i
7] N i
3 = N
> [
2 L Ow 7]
® 55 - ~
] -~ O\—’/ N
3 ﬁ
8 — -
et - o) fe) Q. -
a. fo)
5 50 o o _
2 ]
3 - -3d8 ]
2 P B S
0 0.05 0.1
Flow coeficient, ¢
L 60 . . . r : ,
©  SPLL) (¢c) a=6° O :Datapoint |
2 . .
177} o //—\/ ]
g 551 o +3dB - .
® - o (o] ]
; - /ﬁ\o_—/ O/ -
8t 5 i
Q. — -
g 50 /\/ _
o] - -3dB N
@ 1 ) 1 \ ]
0 0.05 0.1 0.15
Flow coeficient, ¢
Fig. 14 Effects of the volute angle of casing on

the overall sound pressure level.



, ERIVTNT 7 Y OETEEOTH
(B, AU EXR, R7u0—VENDAB X UTHEMEDEE)

BEE R ENFEL TV L X, EFERSE»S
B AR T OBEE NI EE LS Wb 0225
BLIREET & L Tw 3, KFOKRCEFIETHEIEZ, #
WERIT £3dB OREOHFEZ, OMIZERT —75 %
RLTWw3, 28, M-14(a), (b), @QEZhEFh o
23, A BLUVEC DHFFEHIGELTWE, Zhsd
RpsiFtArDT—753+3dB BRI A->TED,
HEAME L FEEIRZ L WEET—HLTWw3 Z 390
3. a3 DB, FEVAVIEREREICTLT
F2HE LD DA TH 3 MO ZF X RATRED S
MBREIE DT> CRECETL, BEELTET
BAMER L o788, BURENT 2EmE2RT. REX)
EROOEEC BT 3 2B ROEMBEBEOTEVY VI o
23, 6%, 4.5 DIE(ES, ERFOREE o 25
45 D E EBBEDBIAL, ZEONTRHERTOIIRE
LEZ5.

-15(a), (b), (c) WCIXFMRBEBIZ DV TLHHR
AL S O FEBE & FHIE & OS2I T 3,
ZOHBE 45 D—E, ARBLIUANVYEIR
M-14EFAUCTH 5, EaflE & FHIEZ L WEET—
LTw3, BEIXPMRSECEHT 20T, PR
B CFBBEZOE D S I3EF EFEZ L TH B,
FEVVEAR () IRU & D CEBROIED, PR
B3P L CHIAHE WD 6 &, F b b BDW® i Hipl
T5DT, —HZIURBESD iz EFE Y~
B EEE 22wy, KERER, ST 0L, &S
IEACB T 2 LHEIAMBETI=ZF L bRER R
8, PRI 1200 b B VW & 5 Th 5. £RER
T IIBAEAS180, 60, 120MDIEIZEL 25, TE
xS B MEA & LTI EEIERLA TR/IMEE & 5 #ifR
N

B-16(a), (b), () EIMBES (AN RI) LT
BELRE ST B L 2T RE 2 PRE S ©=20, 40,
60mm I DWW TRLIZDBDTH S, WTFRLOBEFID
EEME & FEIE L 13 +3dB UAOKET—L T»
3, 7B, —RENCIIRE 288N g, &FEE
FEVVIEEMT 225, ZHARIHRESMEINT 51
eV, BEOBSNERES L CELA OO FHER L
s 270ThH5.

B-17(a), (b), (c) BZIMREANERED; HemEELiI
e RIZTHELRLIZDDTHE, EEVNV
SPL(L)1Z 112 & % & 812 8 v T D; » 40mm,
58mm, 75mm DIEICEL 2%, ZhIED: /& i
I EREMANEENEL 227120 TH 3 (K-11&
HR). SEERME & FHUER C DHE S +3dB LINEE T
EoTWw5,

17

o : T
o - sPLL) (a) B=60 O :Datapoint -
= 60 —
a L
g - B
§ L .
k] LT 48~ 7
o S5 7]
uaa . o Q o ]
§ ©r _ “Tooo o 3
g N
- 50 N \’// -]
9 ]
3 - : -3dB n
w P IR S T ]
0 0.05 0.1
Flow coeficient, ¢
o e e LB s
o - SPL(L) (b)B=120 O :Datapoint -
= 60— —
a B
g - ]
§ C ]
k] :o\\\\\_“_;EL//// ]
Py 55 C I
3 | o N
3 ]
g _ \—/ ]
— ol (o] Q ~
5 sl o o
2 50 \\\\M‘_ﬁ___jLJ;// =
c * 7]
a C -3dB ) ]
(2] IR R R
0 0.05 0.1
Flow coeficient, ¢
o a T —————— ]
T ol sPLL (c) B=180 O :Datapoint —|
3 N |
o
z C _
kil B +3dB —
3 R v - : M—
2 55+ o 7]
o - -0—o © o) 0] ]
a3 C o "
g r o -
o | -_— —]
g 501~ -3dB _
c
c r _
o] L .
(7]
0

N PR T
0.05 0.1
Flow coeficient, ¢

Fig. 15 Effects of the number of blades on the
overall sound pressure level.

6. ¥ &

AP TIIIMEMSL, A SV EE, TIRERZES X
URZa— VDR Y AHBEREE OMEREC R
THREBCODVWTERMNCRKHT 3 L &b ICELHEED
TFHROZLM DWW THRE 21To 7. ZORER, MU
TofEm»Eoni.

1) ANV REBRCIE EEFOBHEESILL 55
7o DEREFIEIE L 5.

(2) AHFEHEEA PN T PIRBE A3 1208 D TPIR B H EL
FEEERLELS, EBRFORERL LV,

(3) IMBHEAFEL/NE VI EMENEEIREL 20T
BT LKL & 5.

(4) ARWFRBHEANTIERA 7 0 —IVEBD HB 45 O
HEBLEREST HEL, BERFORELE L LW,



18 RELFHE - HHE ZF - FTA
o e e e a a e
© ~  SPL(Y) (a) Lx=20mm O :Datapoint
o 60 ]
o L
» L ]
7,'>; - .
& o +3d8 ]
o 55F .
@ = O\_//

i r :
P — le] fe) Q —
5 o

o5 — = % % o o 4
o ]
3 - -3dB .
w NPT R ST

0 0.05 0.1
Flow coeficient, ¢
65 —
Q  sPLL) (b) Lx=40mn O :Datapoint _|
o B _ _
o - _
(D_ 60} . +3dB -
® - - ]
> -
3 i
o B ’_\’/,//’o/ ]
g 55 B o © -
5 L o © o ° i
o N -adB ]
C
3 C L 1 ]
A 0.05 0.
Flow coeficient, @
e
e} L ]
o . SPL() (¢) Lz=60mm O :Datapoint |
T esf : .

« C ]
S = +3dB .
K - n
o 60F -
-9-, | (o] o] _

| \_—_—_—/ _‘
a - o _
? 55 ° .
5 - 00" 3 .
Q - —
2 L X L L 1 L L L. L
0 0.05 0.1

Flow coeficient, ¢

Fig. 16 Effects of the span length on the overall
sound pressure level.
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Fig. 17 Effects of the inner diameter of impeller
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