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Acoustic Analysis of Plenum Fan using Kirchhoff-BEM

W.S. Song, G. . Jang" and S. Lee
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ABSTRACT
To numerically construct the sound fields by a plenum fan mostly found in Air-Handling Unit (AHU),

the Kirchhoff~-BEM approach was applied to the near-field data of a turbo fan. The scattering effects
were found to be significant by the plenum box structure for high-frequency components of source. The
directivity petterns and sound pressure levels were also dependent upon the helmholts number which must
be considered of the design stage for sound reduction program.
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Fg. 1 Plenum fan

1 Type Plenum fan
2 Blade number 9
3 Imp. Size 500 mm
4 Flow rate 90 m'/min
5 | Static pressure 25mmAq
6 | Rotational speed 1,168 rpm
Table 1 Specification of tested fan
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Fig. 2 Total pressure and Imp. efficiency of plenum fan
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Fig. 4 Calculated SPL of plenum fan at 0.3m (0°~360°)
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Fig. 5 Boundary point of plenum fan with square duct
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{© f=525 Hz
Fig. 6 comparision of radiated sound real-part pattern between
with and without square duct
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Fig. 7 comparision of radiated SPL. pattern between with and
without square duct

o

$% wise] b 2goltt,
Fa47) nd RS 1THQ) S AEE %
o] 4 AAT Y= HE G7E FE9
olol Bla) A7) Wol AfItlA e PAAE

2 wsph gk we, 2789 Lol WA
= Sgrd 27 BEe) HE Wil 24 oi g
A w7 2aves age 2 4 Ao

350Hz, S2HzANME Shkel Zol7t YE Q7R
7% 29 ool s ZAL Holmz GERY

He) she] Zhyo] AT EFREANE B A
g4o] P45 PAHL Q& AL el

r % 1o lo

Fig. 7¢ A%E A X F3%4 990l e &8
A8 e A HEZL R A ARIANAY
$8 Hlistel bl 2otk A A Fas 3
$o del Fig 6 $9% P 542 3T &
E

on, YehEe 28542 Al HES gk 97
Uehles 28 FFo] Af FelAe Agel vl
3 zz} 1st BPF(175Hz)= ¢F 16dB, 2nd(350Hz)=

AgE 542

% 19dB, 3rd(525Hz)E < 23dBY

_.92_



YehE g

ol E WA HHH AZHY FEY Aol T=
2o qF G oy WS 1T F99 dA
3 O 2554 TAAVE Ao He, $Yd
4% 54€ 7HE @ 9A%E R8s 72E9
271¢ Fh mEX 2ge] FAo| @A vz
HErd 7 e ARHeE H4AY F Ao
4 2 E

£ Kirchhoff
Kirchhoff-BEM ®{-& E3f Zd¥F #9 28 EALS

CEEEE

e Y A{IDoINY F 99 do| T2B
of RAHol At Ao 2LEAE WAET Fops
QA 175Hz, 30Hz, 5250z AH 247 +89 A7 T
280 9% M@ B} FEEY s PAsE
sge] Aol e we& FArw BHE UG As
A Estde A2 BAsGon, 2euuy 2R
16~23dBY) VAW AZEHE /PAEL WPHom

&+ Ak
oleld Az B HAA B A 48 54
ohet W AAz
g% 9
A o nelt Pege NIRRT, Kirchhoff
t‘}jo

s

(1) Japikse, D., 1996, "Agile Design System in the
age of Concurrent Engineering”, presented to the
1996  JANNAF  Propulsion  Subcommittee
Meetings, Albuquerque, New Mexico.

(2) Sharland, LJ., 1964, "Sources of Noise in Axial
Flow Fans”, J. Sound and Vib., Vol. 1, pp. 302~
322.

(3) Lee, C, Chung, MK and Kim, Y.H, 1993, "A
Prediction Model for the Vortex Shedding Noise
from the Wake of an Airfoil or Axial Flow Fan
Blades”, ]J. Sound and Vib.,, Vol. 164, pp. 327~
336.

(4) Jeon, W.-H,, Chung, K-H,, Lee. D.-]., 2000, "An
Analysis of the Flow and Sound Field of a
Ducted Axial Fan”, Journal of Fluid Machinery,
Vol. 3, No. 2, pp. 15~23.

(5) Ffowcs Williams, J.E. and Hawkings, D.L., 1969,
"Theory Relating to the Noise of Rotating
Machinery”, J. Sound and Vib., Vol. 10, p. 10.

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

(7) Farassat, F. and Myers, MK, 1983 "Extension
of Kirchhoff's Formula to Radiation from
Moving Surfaces,” ]. Sound and Vib., Vol 123,
No. 3, pp. 451 ~461.

(8) Wagner, S., Bareif, R. and Guidati, G., 1996,
Wind Turbine Noise, Springer.

_93_



