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Reduction of Turbulent Noise Generated from a Counter-Rotating Fan
Using a Sound-Absorbing Duct

Yoshio KODAMA, Hidechito HAYASHI and Yujirou MIMURA

The purpose of this study is to investigate the effects of the length and the arrangement of a
sound-absorbing duct on the aerodynamic characteristics and the turbulent noise of a counter-
rotating fan. Moreover, we performed a theoretical investigation of the turbulent noise reduction in
relation to the thickness of sound-absorbing materials and the length of a sound-absorbing duct. The
results are summarized as follows. The sound-absorbing duct reduces a considerable amount of
noise generated from the counter-rotating fan without degrading the aerodynamic characteristics.
The sound-absorbing duct set upstream of the fan only reduces the noise radiated to the upstream
and has no effect on that radiated to the downstream. The duct set downstream of the fan has an
opposite effect. The agreement between predicted and measured valueg for the noise reduction is

satisfactory.
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Fig.1 Schematic diagram of experimental apparatus
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Table1 Dimensions of the blades
(9 blade impeller)

Tip ¥ean Hub
Radius mm 300 227 115
Stagger angle 60° 53° 42.5°
Blade inlet angle | 67.5° | 60.5° 50°

Blade outlet angle| 56.5° | 49.5° | 39°

Chord length mm 86 96.5 | 76.3
Pitch mm 209.4 | 158.6 | 80.3
Solidity 0.41 0. 61 0. 95

(a) Front rotor (b) Rear rotor

Fig.4 Rotors used in this experiment

—215—



572 BES 7 bk 3 B REETE A O ELIE T OERIL

508, KHRTIE—E L L TW3, ThbbRER
THIERBNE Y 60°, REEE D 64° (E A H D & HIE)
TH5,

£ 1XAERBROEEHETERLILODOTH S, £
1HROAERV TR EAR» SHELETH 5.

BEAUEEE L U CERE OO Eo~v = R
6 1.5m EMOSERELL1/2ina vy 7oy
<4 7 aR P EEEEETTITY, TOHNEE%R
FFT 7+ 74 ¥ CRESS L.

5. REREREIUEE

5.1 ZHHM X5 IREBEAKCHEL RS
M R A O R AR 1 RIZ TR R E
EHN 2150 rpm K2V TRLE DD TH S, K
580 ¢ IENRE, ¢ IFHRRE, A IBHERE 7
BB L XEROBREMETHY, 2hoizRKT
~EN5B,

¢=2P./(oU?), $=4Q/[7(1—1*)Dr*Us]

A=8L/[x(1=v*)DR2 U], n=y/ A==+ (8)
ZIZTP REE#ELE (Pa), o 3ZKOEE (ke/
m), QIXEE(m¥Ys), vid N TH, D $BHEER
(m), L \34hEh 1 (W), U, 3EIBER O EEETH
47.1m/s TH 5,

5 FDOOENIRE % EEBEAREICHEL Tz
BE (Le=0)ThH, AHIIREBMEED LIRS
520 mmiZ btz > THREM B L 72858 (Lo, =520
mm) TH5, K5»oRKECRZIMEREL 2HE (A
EM X FEM % M & 22 VB H ORXEH OB E (OM) X
DYbLTFRENERMEL 2D, ZhifEo TEE

1.0 T T T T
Laf mm CRW97-fan
< [ {O 0 N=1500rpm
P
S 520
-9 0.8 & n -
£ 29 Lay=Lad=Omm
Rl o -
U -
- U =
ol ey
8w 50'6 n
S @
2 U
© 0 - J
n oA
a U':;
SR il
o=
v
0.2 Y
[ | |

1
0 0.1 0.2 0.3 0.4 0.5

Flow coefficient,d
Fig.5 Characteristic curves (Effects of with and
without sound-absorbing casing)

BRI ETETT2., COERELT(1)BRERE
HOT S LR ETROBEEMEMHL 728727 F NEIZIE
BEESMmM O/ F > 7R —VOMERFEL TH D
ZDWMBIVFENDIEH L 25 2 &, (2)FHEEMRT
33, BERIHISMM TH DR L THTIE
2.5mmTHY, BEVESVEL, BERKTORNE
NOWRICE B ANX —BEBKRELRBIL, &
ENEZ ONDBH, UTEBR~BEH 6 DEREEET
i, (2)DEELREVEREDLNS,

B 6 1%, HEBAE I IZREMEBS 3 (La,=0)
i, EEBOABID S 7 b (Law) D HIZREFM %
L, ZORESVEEBOEHEFHCRIZTHEERRL
bDThHS, BEF 7 VRECLrbOTENR
#® BHERZFEAEEDSRLIEL B6LD S,
NZ2b, IOZLRIREFS 7 VEOELEERBST I
REROENBRICHERTHEETELZLRZRLTY
3,

5.2 ERE4SM

5¢2:1 BREDARZ MVEESM K7 RXEE
BOEFRANCERBLILBRE S 7 FORS (Lu) M5E

BFEDARY MIWEESMCRIZTEER (a)BEY
A (b)) ENFREEALAS X O () ENREE/N S
WDOWTRLIZLDTH 3, THRHOEFIIRES 7
PSR, —RHEE, ZHERETATARR
300mm BLT600mm DKRFS 7 b 2315
Z, BARIZ900mm £ 1200mm OREFS 7 + %
HILBEERLTRE, WTFhOREEDBET b
WM ERT Z L& D 0.25~10 kHz OIELV EE
BibloTEELVRABETLTBD, Bz

1.0 T T
Lay mm CRW97--fan

< - |+ 0 N=1500rpm 1
= g O] 300 Laf=Lad=0mm
i1 o8riaew a ]
Q B n
Ralhal
SR =
el I
8z ]
¥, 8 0.6
U U -

2 U
v O -
oA
3 U
0w & o
§2; 0. .
S o
A M

0 0.1 0.2 0.3 0.4 0.5
Flow coefficient,¢

Fig.6 Characteristic curves (Effects of length of
sound-absorbing duct)

— 216 —



BES 7 b & 2 ZEREAMARAEOELNET OBEEL 573

0.3~0.9kHz DIETEMIKEL I Ldbh b, Th
FEREMEOREROFEERE (M 3) &I HD
LEZHND,
H7(a)FCRoNZFELVNVOEEK L5 Hez
E225Hz 32N ZhBEEMBORBEAF KR T,
INBIFZTNTNOEERYE, 57 FED L WIZRICH
ATERNDREREDTFHBICL>THRELILLDTD

2@

= 90 T T T T T 17T
CRW97-fan

80 N=1500rpm -
Z=1.5m

~
o

Laf=Lad=0mm

=
o

Sound pressure level,SPL(L)
w
o

40
—-—:Lay=300mm
30 ---—tLay=600mm -
-----:Lay=1200
1 [ 1 :ml 1

N
[=1=]

L1 1 1
.1 2 34 681 2 34 63810
Frequency,f kHz

(a) 7max-point

3
o

| T 1
CRW97-fan

2]
o

~
o

Sound pressure level,SPL(L) dB
=
=)

50
40

— L=
ok - :Lau=3000m _
3 ---:1Lay=900mn
20 [ B A | [ N
0.1 2 34 681 2 34 63810

Frequency,f kHz

(b)  ¢duax-point

0
o

I T T LB |
CRW97-fan

©
o

~
=3

Sound pressure level,SPL(L) dB
(=}
=)

50
4o .
o 1
| ——tlau= mm -
30 L iLau=900mn
20 T |

1 1 1 11
0.1 2 34 681 2 34 6810
Frequency,f k

(c)  ¢mn-point

Fig.7 Spectrum density distributions of fan noise

5:2:2 2WEEF BTV AL X8 IXE
BERECBFL2REMOBENEFEHFE LY XV
[SPL(L)] L HEEF Y~V [K(L)] OFEREICRIZ
TEELRT, SEVIVIZHERMEL2BL . AR
M [SPL(A) & B&7E] & #IE D %2 v L4 [SPL(L)]
TEHIL 7288, £/85 2 — 5 OREROEAIZE VI
IABTHwBDT, UTTIR LBHETOAHERT 2.
IRHEFL AL K BREABRSTORE 2T L
BERBEEMKRLTERLLET, ZOVANLHEL
BERIFERAMLE WS, JOHEF LV VIR
TEzeon %,

Ks=SPL—10log1o( QP:2)4-20 «+eeeeeeeeeees (9)
ZITQRERHE mMY/min), P 3EEAKOEELR
(Pa) TH 3.

X 8 2 & REAME A ICRE M & MR 1, WEFREK 6
HI0.25 A EDREE TH3AB, 0.25 LI T THIS
dB DEFEVRVOEEBRZESNE Z bbb, —
7, HERE v~V THET v, FERE 4 2359 0.25
L EDFEBTH 2dB, 0.25 AT TH 4 dB O{EREH
Bohsd, TELVLVOBEIY TR HEBREDL/N
E BN, M5 TRLEE I CREMEHT &,
FEHERMEL k270 TH 5,

H9RBLERAKES 2 FDES Lo BEHEBTE
VARNWVICRIZTRES ¢=035(REMES, 9 FoD
OHD), ¢=026(E/REEKSE, K9 FDAH), ¢=
0.10(= 9 UEN D 3MEOFHREIC DWW TRLIL LD
Tha., ZOBER, XEBEAREE THREIZ 2 b iz
BEMRHENA TR, WTFhoBE Ly, FRET
57 F ORI OBIMIHE > THRA CHERS DR

-
=
o

dB
dB

[N SPL(L)
Z090 -
=2 CRW97-fan
5 N=1500rpm
230 Lawtugom >
2 570 Overall SPL i
—- -
o o Lyf mo
Mo — -
2% e
¢, 50 o8] 520 ||
[

Y
o o
R r .
@ e 30 o .

10 | L I B &
0 0.1 0.2 0.3 0.4 0.5

Flow coefficient,¢

Fig.8 Effects of the existence of the sound-absorbing
casing on O. A. SPL(L) and Ks(L)

—217—



574 WFES 7 b & b BRI AEOELRE T QBRI

T [
Overall SPL(L) CR¥97-fan
100 N=1500rpm —
La:=Lag=0mm

==}
o
=
wa
g 90 C _
@
-
2
@
a
Y
-
(=%
o
g 80 |- _
@ @] :9=0.35(n mlx'DOint)

A ;20,26 (Wmax-point)

O:¢=0.10

70 | |
0 0.5 1.0

Length of absorbing duct,Lau m

Fig.9 Effects of the length of sound-absorbing duct on
sound pressure level, O. A. SPL(L)

110[ T T T T
CRW97-fan
o N=1500rpm -]
©3 2 SPL(L)
90 -
DN Overall SPL
(=2e)
285 -
“x Laf mm|Lay mm|Lad mm|
— - | 4
9y 70 (e} 0 0 0
L Al 520 0 0
i O 520 | 1200( o©
3
@9 501 v E
[
- oo
Qe
ok
o
g9
§&30r .
10 | I | |

0 0.1 0.2 0.3 0.4 0.5
Flow coefficient,¢

Fig. 10 Effects of location of sound-absorbing duct on
0.A. SPL(L) and Ks(L)

2L EFBEVANVEEALTYS, ZhdBFOL
ANVF—FSF 7 PESICHHIL THRDT 55, 20K
FREINFETRENE 0 TH S [R(T)ER]. 2
DILFF7 b EHEIRILTHRICHBILTHE
EVRVEBEELRWI E2RBLTWwW5, KERT
BE9I»SHSE LW, FEBEOEFICES 1.2
mORFY 7+ EHRELBECE, 5~6dB DFE
Vv, WEELVARLTHRBEOEREEO NS,
K10 3RFS 7 b OFRBOE W L 2REHMRDOZE
BERLELOTHS, K10 FOOHZ, XEME %

IZSIIIII T 1T 171
Sp=2omm L mm
20— Ta=75mm 2 _*
0=32kg /u v| 1200
. a 900
® sk A[_600
= [e]
o
o
>
(=%
1
S 10t
=
[
o
=
> s~
[7¢]
0
0.1

Frequency,f kHz

Fig. 11 Effects of the length of treatment of the duct on
sound absorption

B0Y 7 P REBICE oK BEEHIIEE L TR
BETHL, OHMMZWTFh b ERBED Yy —> >~ 7
CREMSEEN T WD, AHIRREEEY —> > 70
EFAB L UTRECKRE S 7 b3 gwuigs %, O
BRE 1200mm ORFS 7 + B2REHKT —> > 7D
EFA (Law) 1@, VENZEIL & D % TR (Loa) 123
BLIEEAETHS, OH & AHID LB D & KB D 7
— ¥ S EREM R, #3.5~5.5dBDFEL
NNUVDERPEONDG Z by b, AR 2
B S EFRANC 1200 mm ORFS 7 P E2RET S
ZEIT&Y, 512 4~6.5dB DFE LV IV OERDL
Bonsd.,

—7#, THRENWCRE S 7 b #FRE L5HE (VED) X
EMBEEICDI > TAHEFEVAVIZE 572K H
Uizt s, 2O ERTRAENCEBLILRES 7 b
B ERBABASINEZICRELAYERLRL I,
PEKRLTWS, 207 d I FHMANZ 1200 mm O%k
B 7 b RMFUC TRETET2HE L2
AFNCHE L T3~4dB DFE VRV DERLE S
N, LERAICHAILIEERAME Z 5 BALCEE
LL oz (RN, AEo 2 e &Y, EEfhc
BELUIBRES 27 M3 ERAIANOBEREC, Tl
CHRELLRES 7 I THREANBSEENIBEZTOH
WHRBHDENZ D,

—F, HEELV NV K(L) 13 ERo2TREE0H
FEv~uv SPL(L) & i ZIZFABROER 2R, REFS 7
FEZBETNE, FOVAVIERT S, 20T &,
RES 7 P ERETHEEFEVVRET S 228, £
NPWBERREBEIMCHBE L TELEALEDO LD
T, HEEV_NVIHTEIBE LI VES RS 2, §

— 218 —



TS 7 b & 3 BRI R O LR T O BRI 575

RHhbLEEVAWIZIES &8 %Ik U 7o 2 EaSH
BRFSI7 b V2REBELI Lo THESND I L
PRLTW5S,

5.3 BEY I MILIBERRENTR K11
BRO5)EXB) er o HHLERBEFECBIT2HE
EVNVOEER EEFSBET S W 2 HI0%RERES 7
FOEFENCEBLARES Z FORS EOBFRET
L72bDTHS, 57 PORESVBEL LD TL
A Cbz> TREFREIIAE RS, 3ETH
RELICRICHALZBRERE RS2, ¥
7z, TOWREFS 7 b OFEITIE 400~800 Hz D FEH#
BTREENKE L,

BDOARYZ PVHAEOTFREZATOLSCLT
Kodtz, 7, BOAES 7 F RO—FICKF S 7 b %
RELLBEDY 7 POSAEEC BT 2 R FEK
an FEHT S, CITHI3IRXBLWTEAEHCBY
BRES 7 PORTR a, LHBS 7 FORFEX o B
LU ENTND Y 7 P DANKRERH S, Ss BEATH
206, ns2H(5)ICRATHIE, BHICEHR
BEXan BKRDOEN D, RICPAELEH&%ED S 7
FOBEDY 7 P ORRER S ERES 7 MTEK
AEDHNEER Sa(=S.+S) 5z 5 hhnid, &
(3NLVBES 7 P ARELISBEOEABER T LD
RERNRDOND, INODEERRES 7+ 2RE
LEWBEDEEISEF &, ChoDERETRHA
RHDOHPREFS 7 b 2T IHE0OEBELBETD A
N7 MVEESHETH D,

12 13 PRIl (BAR) & FHIME (ER) & O %17
S2bDTHS, BBIDHBEREFS 7 POEE La
130.3m, MBERK X 0.3THEEREE)TH 3.
12 XD EBABFEHBICBT 2FEV VO EERE
EFREE IR LS —BIL TRz kS,

90 T T T T T T
CRW97-fan Laf=Lad=0Omn

80~ N=1500rpm Lay=300mm -
Z=1.5m Npax-Point

& v o ~
o (=] =] o

w
S
T
|

Sound pressure level,SPL(L) dB

~n
oo
-

Fig. 12 Comparison of predicted and measured
spectrum density distribution of SPL

M3 ERDEICLTHELNEHREEL X
NOFHE & EZHIE & 2L Do OXREETTE ZHic
EOTHELIbDTHS, MI3FOHKE DRSS
BEHEY, BEBYOESRTFAEE2TRLTWS, £
EEBEOFEV ANVOFRNER B3RO & 5L TR
S EEANEFE B 2 TR 2T RIcbo T
ANEF—MNIILER, TREFEVRVICHBRET 2
ZERE-TEHET B I EMNTE B, EHIE L FHIM
BREMNKIEIZE D > Tb+2dB UADOHE T—
LTw3, £, I3 Rohnd &5 wXkABES
BOThOBEICHRELED T 21> TEMLT
Vw3, ZHEFREOR > TR T 2 WL AH
B3l CTAERLOERENFKEL, £
FOESHEINT 52 LIk > T3,

! 1 I
CRWI97-fan

100~ gjlei:(;rlmgu Lau ™ | —
ole] 300
O/m| 900

= Lar=Lag=Omm T

90—

Sound pressure level,SPL(L)

0.2 0.3 0.4
Flow coefficient,¢

Fig.13 Variation of overall sound pressure level with
flow rate

T T
1001~ CRW97-fan /

N=1500rpm
»
Overall SPL v

(Measured)
AY-3
o

O:Data point

Sound pressure level,SPL(L) dB

80 -
| ]
80 90 100
Sound pressure level,SPL(L) dB
(Calculated)

Fig.14 Comparison of predicted and measured overall
sound pressure level

—219—



576 BES 7 b & » ZERERIREABOELRES OERIL

12

Glass wool
p=32kg/m3
10 -

dB

Sound absorption

4 PP R
0 1 2

Length of absorbing duct,La m

Fig. 15 Predicted absorption of overall sound pressure
level with duct length

X4 BHREXBES 7 PORIREEEZTIVS
WAEBEITDOLT, EFEBREOFTE LV NIV DR
HETFHEDORRO LR 2{To/: b D% Z DI HD
Thd, K 45° OEBIIERE & FHMHE & B3—BL
Tw3IEETRLTVS, IOEREIZOBR» SO
+2dB OBREGEHEERLIRTH S, Mldns, =
HIE & FAMEIIHRERPRE S 7 b ORSPKIBCED
S>TH*T2dBOEENTREREL2FHTE L2 Ld'b
»5,

1557 bReENVRFS 7 b EIRELZHES
2, BEMOES T, ERES 7 bORE Lo BPDRF
Brhkd+RErR()2HOTEHRLLELDTD
L, WEMRIIAT—LEL, RES NS BRE
REA—-ADAZ a2 L, K155 5 2FE
BEORFZIRTMHOBEENEEES 7 DR
ENEVFEAREI BRI L, BREREIRES VL E
S L HITHENCHENT 52k, REDNbD 3B,

6. #& Bl

AR TR BRI ORE 2 ER T 5
FHike LTREMEEZRL LRSS 7 + 2/ 5 Hik
EREL, I XEBOMETENEEYS L URS
FHCRIZTEEC DLW TERNRE 21To 72, &5
CREHDBEEBIUVRS L2HERETORTE LD

BRI DL CHERRIIC b RET L7z, 2 ORRUTORE
B & 1537z,

(1) XHRTHRALILKES 7 b 2XEEO L5
WZERE L 135G, REABOMGHENRERIZEALY
Hrd ek, BEX2ERTE 3.

(2) WES 7 PCEDZEREVAVOEREIZS 7
FREE»DTRL, MEBZLBEFRT S, F7 RS
BEWVIEY, HERDZVIED NMEREIES V., K
TEB TR, ERAEy -V S CREM R T &
3.5~5.5dB DBFELVRVDERIE SN D, LiE
WZ1200mmAOBZEF S 7 P ERETHIE, 51
4~6.5dB DIEE»"OND, i, MAORES 7
FPERETLILICED, H6~8dBOFEEVLD
KigZ B HFETE 5,

(3) LB~ SN2 FORE I EFAICEE
L7eBES 7 bOAIE - TiTbh, THRENCHEEBL
TeREFS 7 MZERBRTH B, £, THcRI -
SEIIE, TREINKS SN 2T RERT 545, L5k
BINBES S N2 F I ER L 220,

B ICEKMEH L Tl ui- YRR RS
RERFEEDERER, FMEEOGHAH, KB
BEMECRI L T Ru-HOEREE, M THEL
(BF) OTiEER], ILOREOHERCHEELZERT, 1
K FeE O —IB I3 BT S M A O FeBh kS (B 7
FEE) Lo I 2R THERERT.

X 23

(1) RELHFH - 135 34, ZEREABRXEABORE %
BRI & BRI I B 3 B REBRINBTSE (55 1 4k, BhRIpERE,
BEB SR REDRH), #ah, 60-576, B (1994), 2764-
2771.

(2) REFH - 130 34, ZEREXETXEAB O REF
HIFRE & BRI T 5 RERIVITZE (58 2 ], BHRAUE
DAY, YV TF47 4 BLUBERRT & 20O, #&
#, 60-576, B (1994), 2772-2779.

(3) WELFHE - 130 4 4, ZEREABIX A0S REE
(B3 B H5E, #ER, 65-595, B (1996), 1068-1076.

(4) H+EF—, FE RS, (1990), 209, H37HAR (BR).

(5) BELFHE - BRI, EEMITXERO RS O R =5
& ZOFEV VTR, #5h, 53-492, B (1987), 2514-
2520.

(6) BREFEF - BEFHE, (EEMTEXEBOBETCHT 56
7, Ham, 39-320 (1973), 1246-1254.

— 220 —



