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Aeroacoustic Tonal Noise Prediction of Cross-Flow Fan by a
Hydrodynamic-Acoustic Splitting Method
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Abstract

Acoustic pressure field around the cross-flow fan is predicted by a hydrodynamic-acoustic splitting
method. Unsteady flow field is obtained by solving the incompressible Navier-Stokes equations using
an unstructured finite-volume method on the triangular meshes, while the acoustic waves generated
inside the cross-flow fan are predicted by solving the perturbed compressible equations(PCE) with a
6th-order compact finite difference method. Computational results show that the acoustic waves of BPF
tone are generated by interactions of the blades wakes with the stabilizer, which then are reflected
from the rear-guider and mainly propagate towards the fan inlet. Also, a directivity of BPF noise
predicted by the PCE is noticeably different from that of the FW-H equations, in which a fan casing

effect cannot be included.
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Fig. 1 Hydro- and acoustic-computational domains
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(b) Close-up view around blades

Fig. 2 Computational acoustic mesh (Grid-C)

Table 1 Comparison of three acoustic grid resolutions

1871

Nbiade Inside  Outside Total nodes
Grid-A 3x3 51x21 91x165 16,086
Grid-B 5%3 61x31  101x220 24,111
Grid-C 8x3 91x61  101x285 34,336
217} 313, 53, 839 wEE AHEFAT. ST
AA A A A A A Al A7k 2
A(BPF 719 1/900)% Fdste= HA A=t
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Fig. 3 Instantaneous acoustic pressure fields (Grid-C,
$=0.602)
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Fig. 5 Directivity patterns of BPF tone (¢=0.602)
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Fig. 6 Comparison of directivity patterns

0°<0<90° g ellAl 70 dB °]Fe] H= S5 d
WS dSetal glom, Ao s Jof wHol
o 900<h<0° P Jol M= 527 dB7HAl &<t @
Wol Fojgo] Hulof HA 2 @] Ut
20.1 dB7}A] Lpebstch.

s, Aol HHe g &3y AP av)
2 AR 7] 93t Fig. 5b)¢ C AA o= 2
HE Aol ¥ g¥E uxd 4 gl FW-H
2o] o= Axtel nvlnste] Fig. 69 YERNATE
CAA 34 Ade= 22 534S YeEhgar glo]
Ay ~go] Fghel H9-° FW-HA oS A
o vl CAA A4 AyE Aol H#W
g ol ol -90°<f<90° ko =wk 2-Qto] M}
Har qlo] Apo R §9to] MFE= FW-HA <
o & AEt &% @] HA AFHAoH,
6=30° oz 5ot ddo]l A vehe W
dol B FHEA vEsTH
) F3Mo A WAE= BPF 289 A A}
o #g& A9 E7] 98kl BPFY 157] &<t
Ap'& Fig. 791 YEFAATE. Tor/6
g a5l M= 2 Eto] Aol A
© o9 859 Hesa e
Qlgh 4= Qlom, 2Tppe/6%] A-F-ol & &

E of goj7tolr] Ho = s

2 ol o o 2 o

of7beldel WARHWA F2 @ §FHoz A
H, 3Ter/62) Aol Afe] §9 A9 o
Aol A el el 27 Ut O™ 4w

(a) Tgpr/6

(e) 5Tsrr/6
Fig. 7 Acoustic pressure generation and propagation
process ($=0.602)

(f) 6Tgpr/6

FE 6Teer/6 = 48 Q%50 A AFE A
0@ wes Andn Q.

ook ge ¢ 2%e] A4 2 A% BAe
=4 3sto] Fig. 8o] LERRAATh SH 859 4
4 age gaow dengen, Y akfel
At Bge Anoz etk BPF 289
WA AAL Fig 7 @ b)) ¢ 2B 2
S ged, Bdos FRs seugeqe] g
g s suueelAst 2HE 9170
A gk el BEeA ¥, ol 8] Aol
4 el o] aBelA HWA BPF &gl
BAFE Ao mth oldA AHE sge
A aeaha Aol Hue] MAH WA AT}
£78 F8 ET Qe eojstoldel ¥
go Qs lelsteldol A wAE ¢4 8%e
WP A QTE B PAEND~6), AP
@ E7E B PAALG, ©)

1873



2004

Fig. 8 Schematic of acoustic pressure generation
and propagation process (dashed: generation,

solid: propagation)
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