RIBRZ TP seHRE  H25% 5455 FRTETH

B EZREMANT 7 v OEGRE ICE 3 5%

87
B E & ME* -k T A*
B H W k¥ -H B Wt

On the Turbulent Noise Generated by
Bladed Multiple-Disk Fans

by

Yoshio KODAMA#*, Hidechito HAYASHI*
Yasuo HAMADA** and Kiyohiro TANAKA *

We made an experimental and theoretical investigation on the turbulent noise by bladed multiple-disk

fans. Inthe theory, we assumed that the turbulent noise by these fans was consist of two sources; the tur-

bulent boundary layer on the disk surface and the vortex shedding from the trailing edge of blades. and

that these two sources were independent of each other.

To estimate the acoustic power due to the later

source, we proposed a new method to calculate the wake width D which was an important parameter to con-

trol the noise level. The effects of four parameters, such as the span length of the blade, the number of

blades, the inner radius of the impeller and the setting angle of the blade, on the turbulent noise were in-

vestigated. The agreement between the theoretical and the experimental results was satisfactory.
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Fig. 1 Schematic diagram of the flow around the
blade
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Fig. 3 Casing used in this experiment
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Fig. 4 Impeller used in this experiment



Fan efficiency,ny %

90

OHI, AH, OEEZEhZFhn op 230. Tmm, 1.4mm,
2.8mm OB EFOERTHH, ANVEIBELLS
o T7 7 VBIEREZERT 5, ChIZANRVHBEW
FEARm EICRKET AERBOMI (FIRICEEN
7TOBBROHFIER) OHERELNO/NI WG A2,
Bk s0ERENT 57200525, O, &F
BEVBITHH, THREOANVHEEL KBICD
NEHOKC BT AEAGEESEEFRZE LDk
D, FRAEBEG BB TS EICH> ThhlL),

T I I |
O :8=0. 7mm (Bp=37)

B [;:6D=1.4mm(BD=21) |
[]:6D=2.8mm(BDTlnT
N=3000rpm
- BB=24 . O—O -]
Y

o))
o

Y= <
1
w0l 4
B £
mn
4 50739 100

[}
K=
T ]
i¥]
20 - 3
n 7]

g 50
— (27
— —
)
— 4
o]
H

0 L o o

0 1 2 3 4 5

Flow rate,Q m3/min

Fig. 5 Characteristic curves

5.2 REHYORENERAR

5.2. 1 RMATHEXNEE K6@), OITEAOL
HOOEE =0 S8 5 HERSEEHEREE O
BICEABEER LSO TH S, TOHBFEANOT
i, EREERFRETAOATRICKEAL, BHO T,
FHM R 3072 B PHERREE b L U A THRH 5
LARE L e @IEANVERE 6pD, OIIEKE Bz D
FELRL S, H6@1H, —HOMmERTAN
VEI I BEWVIRE, bIPICHFEERKE K
S TWEH, 2EMICIE I ICEDEZPEDII N
LEZTEVESTHS, T/, R6OIKRINS L
SICEMBOEEL DT D RO, LB LERD,
WIENOFEICHMEME T 3T, HEXEERED
LTW%, BESHENEED 6 RICKHATHI L eE
Bihid, bRl tid, CoOBOT 7 VIZRENR
DI HIFEEBREPEL DT EERE LTS,

5.2.2 HAEOE R7I3HEALRH»L 4EICH
NI HETER LICBROED #7R LcbDTH 5,

Input power,L. W

BN ELBARY » v ORMERT T 2658

w
[

} T | ! I
BMD-Fan
Bp=24, £=35°
- N=3000rpm -
ro=100mm
r=70mm
O :6p=0.7mm(Bp=37)
A :0p=1.4mm(Bp=21)

0 :6p=2. 8mm (Bp=11)
i | | |
1 2 3 4 5
: Flow rate,Q m3 /min

Relative velocity,Weo m/s
[\&
o

jur
(=]
(e

(a) Effects of the length

w
Q

I | I I
BMD-Fan
BD=37, 5?350
N=3000rpm
T 5=100mm
r4=70mm
6D=O.7mm

szﬁgdgikibﬁr{ﬁ

O:Bp=12
A :Bg=24 Li=5mm
(1:Bg=36 L=8mm
: 1 ] | !

1 2 3 4 5

Flow rate,Q m3/min

Relative velocity,We m/s
~ .
S

-
O
o

(b) Effects of the number of blades
Fig. 6 Change in relative velocity by flow rate

50 T T T L T

BMD-Fan £=35°

g £ o=100mm

A 40r r=70mm

~ 3 Li=5mm
kY 30k L{=8mm

©

=
s
= 20+ -
s)
:-9{ -
=10k B

| O:Data point
| 1 1 1 1 L
0% 10° 20° 30°

Relative flow angle,fB:

Fig. 7 Relationship between the relative flow angle
and the wake width

ZORP G, BN BT ERNBRICE DAL
5720, BROBIZIA AT EB5h b, T,
BB 12ML, 2403 KUBKOBEDORY v 713 %
NZN48mm, 24mm B L16mm &7 505, B
KEICHIR T 5 RRKOBHOBEELY v F LHE L,
EFNOEREA B EOBFRTREE, ThohiziE
0°, 0°BLU15° &7 5,

K 8 i3 ANV RE 6p HRILDIBIC RIE T HE LR



RE - FTA-BH BX-HP HH 91

L7cd DT, 9 XNTHEFBRTH S, 12211, BIED
BIIRATHHAOL BT SEEOY y F B2 &
FEEL TS, TORLLWTND AN VEIDOES
b, EEANCIRTEREA T 5T > THRIEOIRITH
meAsZEHHL, CTHEIREZRKAICK > TN
Hichbinlkzy, EEEOBABHEL LB/ T
BDho iz, 6p50.7Tmm(OHD) &1.4mm(AH) &
TREIZIFEA ROV, 2.8mm((JH) Tik
WE Q 713. 5m?/min J 85 THISmm B EH I DIE
5L 7%, :

X 9 IT B OBOWMEIT X 5L BRI Bl
WTHARNLCDDTH 5, MEH2. 5md/min B E T
Bp=12%+24 L Tld, Zi3/PIW0B, 36MIC5 &
WOBITETIE AFEABROLNS, THhiZEC Y
FHgEL Irhid, BRTOTEIELS LSk 57
DEEZOLND,

5.3 EABTOFAMBERRE K10@)~(iIX
(2D Wiz 6{(a), OIZHIR LI-EtEME, E/, D
KR 7~ 9 WBIR LD O BEARALTELN
HEEBHN Ep #RACARA L RO I ER
FTAHEMBFEOTFRME (O 2RO ERNTE-T
B ah A MRmE EORLTERBICE D  ELREE O
FHE (A ZHELZHDT, ThThASVE

50 T T T I T T ! !
E I BuD-Fan QO :6p=0.7mm
A 40 g=35° A :6p=1.4mm n
g | Bp=24 ] :6p=2.8mm
% 30} r5=100mm ‘ -
= r4=70mm 1
ug - .
(o] 20— —
=]
- = -
o
210+  Li=5mm —
I Ly=8mm
1 | 1 ] ) I 1 |
% 1 2 3 4

Flow rate,Q m3/min

Fig. 8 Effects of span length on wake width

/Y N E A B I
g BMD-Fan £=35°
R ro=100mm .
a - ri=70mm
0'30 Li=5mm
ff, [ L{=8mm b
® 20} i
3 —{s N
< " O:Bp=12 7
10+ -
E AN :B]}:z4 6D=O.7mm
(J:Bp=36 B
0 1L N N L L 1 I
0 1 2 3 4

Flow rate,Q m3/min

Fig. 9 Effects of number of blades on wake width

X op70.7, 1.4, 2.8mm DERTH S, H10ITk
W B By #—FIC LT\ 78, 6p A8md
i, PSR By A L CHRIC L B FE LI
BT 5139 THHH, HPRENETREMT 57
%, EFEINTEZDI WV,

—7, FARBOBRBEIL24MDO—FIC LTWBH,
SpMRELEBIEONTEDANVEIDBEL A
&k, MBILRLAEIDICBRDEBAL AL
DI=DICEIZ L ABEFIL 6p 250. 7Tmm, 1.4mm, 2.8
mm DJEICEL 5, £/, TO%HE, BXARICK
HEEFDOETVTNOWMERIZIBWTH 9dB LLER]
ENHELVEL, ARCLIARTOREITER TS
ZEWTES, : '

RI1ERL0 & BREICR(1) 2 RE)IC L AFE LD
BT RME D L % 3 IO BB B iI-2\WTHT
S DTH 5B, ORI LHRBIOEKBB A7
FEOH (B L 58E) LA (FARCERT 5%
F) LOERRL LD, COFRERE LT, CTOBEM
WK Bp 1 23THDO—E L L TWBD Ey B—E L

70 ¥ T T T T T T T
5 | (a) 6p=0.7um
[ |
o e N=3000rpm
2 60 O:Blade Bp=24 7
g2 [ A\:Disk
T ot
g OH—D
§ 501 Bp=37 ro=100mm |
@ z=1.0m £=35° £i=70mn
I\ 1 } I
0 1 2 3 4
Flow rate,Q m3/min
70 T T T T T T T T
m (b) (SD=1.4mm
= - -
v 5 N=3000rpm
u wgol = = -
2 _;60 (O :Blade gglz(l)m Bp=24
o o .
o > | A:Disk |
[a v ]
g 50 - . ro=100mm -
3 £=35 r{=70mm
@ P S ST | M|
0 1 2 3 4
Flow rate,Q m3/min
— T
@ S
o 70 (C) D 2.8mm -
= O———-O"‘O_’M
v - .
5w
-
w o 60 : n
9 > )
v}
&~ B -
- N=3000rpm Z=1.0m
§ 50 O:Blade Bp=24 £=35°"7]
A L A:Disk  Bp=11,ro=100mm |
| | L 1 2 t 1 1
0 1 2 3 4

Flow rate,Q m3/min

Fig.10 Comparison of the two different sources (Ef-
fects of the span length) -



Sound pressure level,SPL dB

92 BRI XLBAK T » v OELFBZT T 5H%

%50, BE\ICERT 5 ELRES BRI A3
L0, BWHE B BB THiE, T2 Ez B
PFBHEDBBEFOND, 2, BOWEHBICHES b
O (OH) HPEREOEEEARBICRS LD (AH)
ED5dBLH EEL, ZRBMAKRY » VOELHFRIT
10 AR BERE I OKE I\ TH S L\ 2
%,

lm70 LI v T T T T T
A O:Blade (a) Bp=12
2 | A:bisk Bp=37
2%
5 60k O,//O—’O—‘O‘O .
oo
0 >
)
a” r M 1
g N=3000rpm
3 50 §p=0.7mm Tro=100mm
w =769 =
) . El3gi L Ti 7Qmm
o - 1 2 3 4
Flow rate,Q m3/min
70 T T T L T T T
= (b) Bp=24
1
f_’. 5 N=3000rpm
2 .-TGO ~ (O:Blade Bp=37 .
39 [ A\ :Disk
B4 T 0]
o &//A
5 501 §p=0. 7mm T o=100mm ™
@ £=35° r;=70mm
I 1 1 1 N 1 s |
0 1 2 3 4
Flow rate,Q m3/min
o LA L A R A RN |
Y70 (c) Bg=36 _
o : O,____O———O”O‘O
N0
5~ . BD=37
o g 60} O:Blade N=3000rpm -
25 A\ :Disk
o~ - M ]
g
g 50F §p=0. 7mm ro=100mm |
%] L £=35° r;=70mm |
1 1 1 i Il 1 1 1
0 1 2 3 4

Flow rate,Q m3/min

Fig.11 Comparison of the two different sources (Ef-
fects of the number of blades)

90F T T T T LR 117 17
BMD~Fan Bp=24
80+ D¢=0.15mm —
N=3000rpm
SPL(A) ~ o~
60 ==" P R§=70mm  Z=1.0m

P
AN A

/ -\..f‘.\ A A

wn
o
T
b

N >
N4

I~ ——:6p=0.7mm(Bp=37)

&
e

—-—:6p=2.8mm(Bp=11)

SRS S U S T U
20957046 0.1z 3 4 6

|
1 2
Frequency,f kHz

Fig.12 Spectral density distributions of fan noise

NI2EREDRSITHBNT, BRIV, BERED
AR PVEESHIIBIIEIEELRLIZLDTH
5o HICBWTEW UV IVOBBEAFERRETOREL
Ronhicw, iz, BIELRAELEFHRICEWT, 6
BN BEBIEONTEEVIVBMEL b, Thid
COBEPREOEMF AR IITNTFT—ETH L0 0,
Op WP LK B BIZONTHBRKE B L 25 HDD,
BANVPHICERL 155 ERBMDBHANEL 5
Zt (M82R) Dh®, BRI ABRETNHET T
HZEICHS TW5,

K 13@)~(c)i 3 FBEOE /N DWW TEKRET O
BB LABEER LD DOTH S, RFOOHITE
i, KROFEHRIIEBICRD-FHRELZEN S
DT, MVWERIRCERE+ 2dBEITBE LA D
DTHB, CNOLDRM L, ANVEI I pBEL R
LI ERBICHTAFEVNIVORERRIC /RS S
L, FEERERICh o> THEEVARIVBEL ST
Y, FHME L EBRREL £ 2dBLINOBEC—KT 5T
L, REDBGhB, MEMMETT5 EFELNIVBR

75 T T v T v T T I
2 —:Predicted (a) 6p=0.7mm
270 (O:Measured —
Y
SRz +2dB
24,
5 e ~— —{
g5 — 0o 0 00O
o o
- -2dB
§ 60  N=3000rpm Bp=37 ro=100mm ]
* Bp=24 £=35° ri=70mm
1 | 1 | 1 1 1 1
334 1 2 3 4
Flow rate,Q m3/min
75 T l T l T ' T I
L= — :Predicted (b) Sp=1.4mm
a 70 O :Measured ]
2B
T —
5 565 W .
B, — _S/////
d -24B
5 6o Bp=21 B
3 b=
55 L | L | 1 1 2 1
0 1 2 3 4
Flow rate,Q m3/min
75 T T T T X T v T
2 — :Predicted (c) 8p=2.8mm
70} O :Measured +2dB —
=
e8| —0 o o
5 . O
v > ’O//’-'Zdlﬁ_//
o —
g 60l Bp=11 _
Q
w
' i 1 1 L I 1 |
350 1 2 3 4

Flow rate,Q m3/min

Fig. 13 Effects of span length on the turbulent noise



RE IFlE- M FTA-BEH BK-BHF HR ’ 93

LFHOE, & U THMEEAMET S5 LIcH-
T\Wh,
R14()~(c)I BIKH By BELRTIC S 2 5 8%
RLAESDTH D, Bp=12824% % BT niE,
ThOREBICE W TLHEENTIE 3ABEV, 0
CEIIMEBORES, SREIMNLATFERE AL L
BHRLTWS, ZOEAMBEILTHIE, Bp=36i1C7

5 L BEEBI2BD 345, FRELVNIVTIEK 5 dBHE -

M BHEFCHHMB, WMEIZThIDNIV, ZD
ZEiE, BREDPEWCFEL TSI LaRE LT
W5, Fio, WINOERMED FHEME L 0 ENS, £
WAL, SEBRE & FHME & IXIZIEE 2dBLIADOKE
ET&->Twb, COBEZHAELTIE, EFT
BWICTFEBIIREAMOBEN TR EZEATE S
BBAEVZ 5,

K15 ET AL BPELIEBE T IC RIZTHE LR LD
DTH5B, EBHEMT BIC Lich - THBEHIEMT 5
BT hiTEE L THREOBOEMCE > T\w5, &

75 T T I T T T T
. .
© , (a) BB=12  y_3000rpm
e 70L — :Predicted 6p=0.7mm |
“ oo O :Measured Bp=37
5 ?f ro=100mm
- ri=70mm —
A I | L
o . O—0
£ 6ol 9/__0__9_ .
o _
2 2dB £a35®
55 | 1 | 1 I L 1
1 2 3 4
Flow rate,Q m3/min
75 T T T T T T
3 — :Predicted (b) Bg=24 )
3 70+ O :Measured -
Lo
5 J . t2B
85T — 0 O ]
B oo Y 2
o -2dB
£ 601 B
(e}
wm
| 1 1 1 | t |
33 1 2 3 4
Flow rate,Q m3/min
75 T T T T T T T
3 (c¢) Bp=36
=270 — —
- Y S
5w
® 9 -
g > 65 0/4’0//,_0——0————6' —
a s ~2dB
o
§ 60 - —:predicted —
«» Q :Measured
55 1 L | ' L L I

1 2 3 4
Flow rate,Q m3/min

Fig.14 Effects of number of the blades on the tur-
bulent noise

DT, =25, 35" LU90° IZKT BEOI
D DOfEZFNFN54. 0mm, 12.8mm3s L U17. 0mm

Lir%B, TOBEICHEELVSIVOEERE & FHRIE &
BRFE—HER LTV 5,

K16 IR ENENBRFICRIT T HE LRSS
EOWTRLI DT, KbOOHIZERIEE, K\
FRIFTEEZEN/ LD TH B, CORLDL, WF
B nDBT0mmE B FE L)V OB/MENRE LT W5
ZEDHB, FRHESEROEREZRL TV, ITh
BEEL L TEREDOBICE > TWh, n=50mm, 70
mm, 80mmiZxf 3 ABMOIBOFFEMIL TN ZNn15
mm, 12.8mm, 16mm&7zY, 7=70mmDEE B
HEV, O L L VEREEFICE LT, KEED
n=TmmTEICFET L LB 5, T/, RED
HHEE D CONFERBROBEDIRLBIFCH S 2),

RI7TIZEMA X LBAR Y 7 VOAFEEFIC OV,
AERTIT - & TOREDEMDBEITH L TER
B FREOHE #fT - 72 b DTH 5, 45°DRKVE

70 T
BMD-Fan
N=3000rpm
Bp=24
Bp=37
Sp=0.7mm _
r4=100mm O
ri=70mm

—:predicted Npax-point
QO :Measured )

|
0° 50° 100°
Stagger angle,§

Sound pressure level,SPL dB
&
I

Fig. 15 Effects of setting angle of the blade on the
turbulent noise

70 1 | T l
@ BMD-Fan
© N=3000rpm 8p=0. 7mm
A Bg=24 1 5=100mm
7 Bp=37 £=35°
-
i | o———
@
= 65 f— \\“\\“‘\‘\%\\ —
8 ~14dp O/
o3
(2]
[]
@
=
:? —:predicted

-point

g (Q :Measure Mmax~P
w

60 l | 1 |

40 50 60 70 80 90
Inner radius,r; mm

Fig.16 Effect of inner radius of the impeller on the
turbulent noise



94 BN EHBAR 7 » v ORLKERET T 25%

T ]

|- BMD-Fan
Sp=0.7,1.4,2.8mm
BB=12,24,36
Bp=11,21,3
T=100mm
r;=50,70,

80mm ) n
£=25°,35"°
) 90°

N=3000rpm
Li=5mm
Ly=8mm

~
o

o
v,
|

(Predicted)

O O:Data
point -~
1 1 1
60 65 70
Sound pressure level,SPL dB
(Measured)

Sound pressure level,SPL dB

o
o
T

Figl7 Comparison of predicted and measured sound
pressure level of the turbulent noise

BMITERBE L FREEB—HK L TWAHT EEELTY
5o HWERBIIKVER T L2dBETBEIS BB D
ZERLTVS, FEBREE FHREIZIT & A E+2dBEHA
DREET—H LTS, O ki, APFRIIFEL
7B ZEBPART 7 VOATBEETOFHRE)DOZY
MERTLDTH B,

6. % =

AR TRBEMNELBEAKY 7 VIZBELT, BEAN
v, B, PREARS LUCRRMARILITERSIC
5.2 5B EBIICHANS & L LICERESEO TR
ROFEZTV, ROZUKELEEE Lic, ZORKE,
LT oz 87,
(1) BNELEBAKRT 7 VOIRBREOFTEH AL,
AP CRE LIcBEEAEZ AW TTFE L/ EIROE

ICESWTEM XN A EKHIC X 5 FEH ) & R
LRI AEAMBERBICRSETEHR D OMEE X
T, 77 VORBBEOTFHLT 2T, BECRET
RF & ABICE2Th, AEREEMN TIIIE+L2dBL
WO CALRE 2 FIIT5 - LA TE 5,

(2) WEHPBDT S LEROBITEMT S5, HIHE
BRI 5700, SLEEREFIIET T 5,

3) BMELBAET > VcBL T, BEghH ok
XN 5@IcHES < BEATRATH 55, FIREL
CRETHEMERABOBELBRE SV HEIC
BETEZ, COBE, BICHBSAERBLEE
DEBIKE 25,

(4) HHOUBIITHA By B/ E < 72 BICO N THEM
4%,

() ABFETRE LABROBOEHEIZ LTSS
rEbhs,

2 £ X |

(1) BEH - fb54%, ¥k, 59—567, B (1993), 3422
—3429.

(2) BH - fib54, ¥R, 59—567, B (1993), 3430
—3437.

(3) IBE - fibh 34, ¥R, 61—581, B (1995), 56—63.

(4) TREF - fil 2 %, ¥85R, 41 —345 (1975), 1479—1488.

(5) IBE - ¥EEF, ¥k, 53—492, B (1987), 2514—
2520. :

(6) WRE - ¥, B, 54—500, B (1988), 883—889.

(7) Breiter, C. L. and Pohlhausen, K., A.R.L. Pep.,
No. ARL62—318 (1962),1—49.



