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Analysis of Discrete Noise Characteristics for the Cross Flow Fan with Uniform/Random Pitch Blades

Ozg", B%¥2", #9&%

Yong Cho, Jong-Jin Kim and Young J. Moon

The discrete noise of the cross-flow fan with uniform/random pitch blades is predicted by
computational methods. With the time dependent surface pressure data obtained by solving the
Navier-Stokes equation, the acoustic pressure is calculated by the Ffowcs Williams-Hawkings
equation. The positions of the blade noise source are identified through investigation of the acoustic
pressure history induced by one blade, and it is confirmed that the dominant noise source is near
the stabilizer. Since the acoustic pressure of the random pitch fan fluctuates according to blade
passing, the dominant BPF noise for the uniform pitch fan is modified into some reduced discrete
noises which have a 50Hz difference from BPF.
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Fig. 1 A typical cross~-flow fan configuration and its velocity vector field.
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Fig. 2 Cross~sections of cross—-flow fans.

Table 1 Dimensions of the cross-flow fan

span of cross—flow fan (L) 340.0 [mml]

outer diameter of impeller (D2) | 106.0 [mm]

inner diameter of impeller (D) | 81.62 [mm]

number of blades (Z) 35
blade inner angle 796°
blade outer angle 1616°
blade setting angle 334°
max. thickness of blade 1.2 fmm]
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Fig. 3 Triangular meshes for the present test fan and a near view around blades (uniform pitch).

32 MY AN A4

2 A7E 29 194 ZF 47 XY Gapsls 289 BHF ASD @A AV =
e azstr] Astel, 29 39 et PFW Y434 Qo] AW, zupueelq 1L rear
guider2® sl THY YRV nesych YTV PBeAE L0WRPMS) IFE 452
YA, dUY RS A= olg B FW FEE J1FOE @ Reynolds & 53009
W ouR S5 S5 AEHAT

7Y YT AAZ AUSHE A2 neAsy) A%l Baolss A AW 2RI 13
PROE ol A%E TANGT 19 38 RFAY 4AY ARs Feols Fuel zug
AzE sl el itk Yamafuiil7l®) AgelA olul BAHUFC] we BoolmelN @

=} g
& e GH7t BojA e A5y BHG BALFE A4y W R Y 4F 9=
AN E Bdol= Fwe HA 4% AUs BASE ol Fasith meA Zyo= Fu
oA Axe AHEEtd sdstE YHe RRo 41196709 AAEL Agsgdoen ndY B
= 69%7h9 AL Agste] AN S FsAct
AAE FeolA 92t HAFY A v AAHNe AZPD 7S 27 AAE o
B2 FAANAN 9He A7 59 Aol YAFER FAk YT AANME FFe] ARHE ¢
T REoR nAgon, 27 AAdNE 4He nAsYh BHY FEFo] F A (quasi
steady state)o] WEA ERIHEE QAst 4L HPN YT FE0] A& Fhste 28 Fof
MRE FEd TUNEE AP 9, A= AxY 24P A AAVRANNE FARSES
olg8 muazy Az JYWe ¥4y
JA#s 3 As7] Azete eukA o4 sAsE F AAAH EgEA S, 2 YA
£ & A7 HTE 48 AS5ge 29 49 AP3H @4 vy e 9714, ¢
(=Q/(VyDL) & fr#AFolR, ¥, (=dPJ(0.50 Vi) & At Alsolth. S5x #e] sy
N ARE 2P MTHRY, A H2($<0.3)9 Aol AAZ] wise gy A5 3
dx5n AT 2 29 Ao uny BRY =L sn Uk o= A f%9 Afde
rear-guider 2HIA F7]H o2 vre] 50| WA oY BAHY 45 =377 oK
T, L fEY ALt 3 5@ HARE ule} go] §Eo] kA Ho|N ¢y AE}e B
o FeA 28 £ YAr) WEolth §3W, At B A9 REUH #He A fFold S93
ol Hlste] H|IA Aol WA d=gon, 53 o= 9x e ¢ EFAY B ¥4 ¥
=93 9 A SN A 49 RENA WEY 2T o R 450 J2HAL AT At
B ¥4 REux @ BE A4 &4 24 1 fHdNE A A5ol dig aolrt YR @m

Mr 2 b ox MY i

i)



FZHASH ZE) Moy % 145

[ B A AR/ MR 5

—(Q— Uniform (Exp.)
®  Uniform (Calc)
----A---- Random-A (Calc.)

0.25F

(a) Streamlines. (b) Vorticity.
Fig. 5 Instantaneous streamlines pattern and vorticity contours at quasi-steady state for ¢=0.602.
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Fig. 6 Noise induced by one blade.
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Fig. 7 Time histories of blade noise.
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Fig. 8 Time histories of the acoustic pressure for the uniform and two random rcitch fan.
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Fig. 9 SPL spectra for the uniform and two random pitch fans.

AAHNF 2ol 2HF 288G 27 dEHen, 2HY 489 A= YAYF 28 VEg
13852 04x107°Pa2 UYeids A 283 2¥% 2 25 BPFS QX8 &
GERRAT

golols x| 2ol os) YWY &F FFH AvIS F asst g

ol

CE ]
& AgsA =w ﬁ%a}olxa A9 48 2Fol $FFEA LAsd BPF £ 282 AYAL
£ A Bk oY LHE PRBLY o 579 WARAIE J45d B 99 2%
59 WINL A7 L4 RO, 3, 4] & ATAAE 29 2 Uil A% BEYS 25
93 Wg ABdtel FEYA B &g 54 AN RQT 29 8¢ WA ¥ A BYY »

al

THA o thalo Eﬂ) L &%, 2HUZelA AF TR o] F 2EE T A& vl
A 29 8@ UEd EHoE A%e AT 284 APss Byoxs =
LEH 2HF &3 HMgdte W] 358 € vIEey gy o 24

AT A, AHEZHOlA 252 P9 3FE B VA P 9F 2%
% &Y 8¥° FEHNA YEvyn Ao ¥ 8(c)—4 S 2% 3BAY B °]E(ZL‘E 8(a)
s sEidetol A(aY 8h)AA LARE &4E BF Fdo v Rtk Z} gol dg &%
LEE FUHF o2 2HEY B3l 19 9°?1 Z} ol g &4 7 2WEL S JEMIY

ok 592 sloA= 583Hz( 1000rpm/603ec><35)4 BPF A¥3 13 23489 E Lggto] Eg
BtAl WiERYE WbE, REuA deME 35E ® slEEE ®doz Qsld BPF 283

&
50Hz(=1,000rpm/60s,ec><3)94 A ujuF i?cl 7 Ae FHY OVL Sgog FibEo] L-EytLE A}
A Pz 0X HFe FAT A¥A L3593 W AL E 4L BPFE 2402 Wy



@ 148 PR FERARA 28
{

DS /A NN S ]

€ YHe ot 2502 PAHE AFS UHUNUL, BFHS 0K 24 A BYA 53N
@ %Cﬂl— 1% 28] BPFE 71Z28 15945 9902 293 A9 Yehigg. 25y
A8 A 358 @ Jletety Yuon At wYsE 50Hz 499 & S0 AA g
A, A Fe 2gelna A-ZFAE AEA HW 302dBUE 2B Hel #A% s

g0 mepa, A PEe olgse] 938 2 AR, S9N Do 4 8% F2E BPFAA
258dB2 ehti STk @9, As BR4 ¥3WA We Ao Aol AxzA gt S0Hzo &%
258 UosWA BPF £&% FHe 04402 27 @R Hu) 3¢ +20] 20.1dB
% 22dBE $9H BuTh W deuth 45T 229 A4 2ohe TN & A9 A 94
#ENA B AR 5304 9% wastd 459 A3 glo] BPF E 488 57dBUE 29
% 9e Bez 4z

S M E}~ﬂ} 22 48s ‘Rit}

(1) 3t Bgoj=oA WAs= 29e _%A}B}@l £SH922 FoxE A B CY A 9XE 2
d 6()] HERen, Zedatol A} 2HE A x4 % 852 Yo 3
A 24 JeA 7HE 34 W3E Yo Eaols 429 i%-"d 2 oﬂ %E}

(2) =¥ elo] M 9} rear-guidersl A A9 CYxE FAF= =
BEag st £3S gov)E W B Y= Agao
FY A7 F50] Hate AANAN TAsE Ao AES 4F 50 dde EHol=g 38
o 2gs ST

@) SHoIE &89 F 2890 #3A 28404 2HY 289 ¢ 2E AZL YA
AEY 1B33E2 4350 A 280 23T 288 B ngdds Ro) B A
Loz &g

(4 WAY JAHN T FW-HA L o] &5 28 |4 AP o3, A ¥4 2y s
¥ vwsted % A Qlo] BPF & 48S 57dBHE 29 4 9 RO

5. 3153

(1] Lee, D. S., Chen, P. H, and Miao, J. M, "Noise Reduction of a Cross-Flow Fan,” Journal of
Chinese Institute of Engineers, Vol. 20. No. 3, pp. 265-273, 1997.

[2]1 Koo, H. M,, Lee, J. K., Kim, C. H., and Yoo, K. C, "A Study on the Noise Reduction of a
Cross-Flow Fan of the Air-Conditioner Using the Skewed Stabilizers,” Proceedings of
INTER-NOISE 98, Christchurch, New-Zealand. pp. 127-130, 1998.

[3] Mellin, R. C. and Sovran, G, "Controlling the Tonal Characteristics of the Aerodynamics

Noise Generated by Fan Rotor,” Journal of Basic Engineering, Vol. 92, No. 1, pp. 143-154,

1970.

Boltezar, M., Mesaric M., and Kuhelj, A., “The Influence of Uneven Blade Spacing on the

SPL and Noise Spectra Radiated from Radial Fans,” Journal of Sound and Vibration, Vol.

216, No. 4, pp. 697-711, 1908,

(5] Farassat, F., "Linear Acoustic Formulas for Calculation of Rotating Blade Noise,” AIAA
Journal, Vol. 19, No. 9, pp. 1122-1130, 1981.

[6] Succi, G. P., “Design of Quiet Efficient Propellers,” SAE 790584, Business Aircraft Meeting
and Exposition, pp. 1-14, April 1979.

[7] Yamafuji, K., "Studies on the Flow of Cross-Flow Impellers (1st Repofc Experimental
Study),” Bulletin of the JSME, Vol. 18, No. 123, pp. 1018-1025, 1975.

{4

—



